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(54) Title: MELANOCORTIN RECEPTOR UOANDS 

gi^ ... (57) Abstract: Disclosed are MC-3/MC-4 receptor ligands, the ligands having the formula (I) 

if) I wherein A is a conformationally restricted ring system selected from the group consisting of: a) 

00 ^4-^ non-aromatic carbocyclic rings; b) aromatic carbocycHc rings; c) non-aromatic heterocyclic rings; 

^ f >w d) aromatic heterocyclic rings; wherein said rings comprises from 5 to 8 atoms; and W is a unit 

fs| I fi^ i— Y (I) which preferable comprises D-l-fluorophenyalanine. Y comprises a heteroatom, and Z comprises 

^ ' an aromatic carbocyclic ring. Also disclosed are pharmaceutical compositions comprising the 

ligands of the invention as well as methods of treating diseases mediated through MC-3/MC-4 
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MELANOCXJRTIN RECEPTOR UGANDS 

l^rmPT HBINVENTIQN 
5 The present invention relates to noelanocortin (MC) leceptor ligands that have a 

confocmationally restricted ring element, which provides for enhanced activity. These ligands 
preferably exhibit selectivity for the MC-3 and/or MC-4 receptors relative to the other 
melanocortin receptors (in particular the MC-1 receptor) and are suitable for use in 
pharmaceutical compositioiis and in treatment methods. 

10 

BACKGROUND OF THE INVENTIQN 
Melanocortin peptides (melanocortins) are natural peptide hormones in animals and man 
that bind to and stimulate MC receptors. Exanq>les of melanocortins are a-MSH (melanocyte 
stimulating hormone), p-MSH, y-MSH, ACTH (adrenocorticotropic hormone) and their peptide 
1 5 fragments. MSH is mainly known for its ability to regulate peripheral pigmwitation, whereas 
ACTH is known to induce steroidoneogenesis. The melanocortin peptides also mediate a number 
of odier physiological effects. They are reported to affect motivation, learning, memory, 
behavior, inflammation, body temperature, pain perception, blood pressure, heart rate, vascular 
tone, natriuresis, brain blood flow, nerve growth and r^air, placental development, aldosterone 
20 synthesis and release, thyroxin release, spermatogenesis, ovarian weight, prolactm and FSH 
secretion, uterine bleeding m women, sebum and pharomone secretion, sexual activity, penile 
erection, blood glucose levels, intrautOTne fetal growfli, food motivated behavior, as well as other 
events related to parturition. 

Both tfie MC-4 and MC-3 recqptors have been localized to the hypothalamus, a region of 
25 the brain believed to be involved in the modulation of feeding behavior. Conqwunds showing 
selectivity for the MC-3/MC-4 receptors have been shown to alter food intake followmg 
intracerebroventricular and perq>hHal injection m rodents. Specifically, agonists have been 
shown to reduce feeding, while antagonists have been shown to increase feednig. Theroleofihe 
MC-4 and MC-3 reenters have been defined m the control of body weight regulation in 
30 mammals. It is beUeved that the MC-3 recq)tor mfluences feeding efiBdency and the paititic 
of fiiel stores into fet, whereas the MC-4 receptor regulates food intake and possibly enery 
expenditure. Thus, these receptor subtypes appear to reduce body weight througjh distinct and 
con5)lementary pathways. Tlierefore conopounds that stunulate both the MC-3 and MC-4 
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receptors may have a greater wdght loss effect than those that are selective for either the MC-3 or 
MC-4 receptor. 

Body weight disorders such as obesity, anorexia and cachexia are widely recognized as 
significant public health issues and there is a need for confounds and pharmaceutical 
5 conq)ositions, which can treat these dis(»xiers. 

The Applicants have discovered a class of coiiq)ounds that surprisingly have high affinity 
for the MC-4 and/or the MC-3 receptor subtypes, and that are typically selective for these MC 
receptors relative to the other melanocortm receptor subtypes, particularly the MC-1 subtype. 

10 SUMMARY OF THE INVENTION 

The present invention relates to a class of compounds that are ligands for MC-3 and/or 
MC-4 receptors and conqnise a 5-8 atom ring, which conformationally restricts the orientation of 
the three pendant units. 

The compounds of the present invention include all enantiomeric and diasteriomeric 
1 5 forms and pharmaceutically acceptable salts thereof, said compounds having the formula: 



25 




z 

wh^in A is a conformationally restricted ring system selected from the group consisting of. 
a) non-aromatic carbocychc rings; 
20 b) aromatic carbocyclic rings; 

c) non-aromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 
wherein said rings comprises fixnn S to 8 atoms; 
Wis a pedant unit having the formula: 



.X 



■l 

wherem R is selected from the group consisting of: 

a) non-aromatic carbocyclic rings; 

b) aromatic carbocyclic rings; 
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c) non-aromatic hetie3X)cyc]ic rings; 

d) aronmdc heterocyclic rings; 
said rings conq)rising from 3 to 12 atoms; 

J is selected from the group consisting o£ 

i) -[C(R")d]ir; wheiein each R" is independendy hydrogen. Ci-Cu linear or 
branched Okyl -SUB, two R" onits can be taken togeflier with an oxygen atom to 
form a caibonyl unit, two R" units from any J units or an R" unit and an R' unit 
from a T unit can be taken together to form a carbocyclic or heterocyclic ftised 
ring, bicyclo ring, or spiroannulatedring comprising from 3 to 7 atoms; the index 
d has the value of 1 or 2; the index k has the value of 1 or 2; 

ii) -N-; 

iii) -NR's wherein R* is hydrogen, Q-Q linear or branched altyl, or a SUB unit; 
V iv) -0-; 

V) -S-; 
15 vi) -P(0>or-P(0)2S 

vii) and mixtures thereof . 
L is a suitable linking unit; 

B comprises a unit selected from the group consisting of: 
a) hydrogen; 

20 b) substituted or unsubstituted aromatic carbocyclic rings; 

c) substituted or unsubstituted aromatic heterocyclic rings; and 

d) mixtures thereof; 

Y is a pendant unit comprising at least one heteroatom; 

Z is a pendant unit, which conqnises an aromatic ring or non-aromatic ring moiety. 
25 The present invention further relates to pharmaceutical compositions conqirising the 

herem described MC3 and/or MC54 receptor ligands, said ligands having a high afBnity and 

selectivity for the MC3 and/or MC4 receptor subtypes over the MCI receptor subtype. 

These and other objects, features, and advantages will become parent to fliose of 

ordmary skill m the art from a reading of the following detailed description and the appended 
30 claims. All percentages, ratios and proportions herem are by weight, unless otherwise specified. 

All tenq)eratures are m degrees CeMus(OQ unless otherwise specified. All documents cited are 
in relevant part, incorporated hecdn by reference. 



DFTAnRn n ESCRIPTTQN QP THE ] 
3 
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The present mvention relates to receptor Ugands. The melanocortm QAQ class of 
peptides mediates a wide range of physiological effects. Synthetic peptides and peptide noimetics, 
which modulate the intMaction of natural MC ligands have varying degrees of selectivity and 
binding. The present invention is directed to ligands that are selective for the MC4 receptor, or 
5 that axe selective for boOi the MC4 and MC3 receptor while minimiring the interaction at the 
MCI, MC2, and MC5 receptors. 

It has been surprisingly discovered that confonnationally restricting the rotation along a 
Icey peptide linkage provides receptor ligands having increased selectivity and famding. Key to 
the present invention is the discovery that the confonnationally restricted structure can conq>rise 

1 0 structural isosteres in several embodunents, inter alia, 5-member rings and 6-niember rings as 
well as chemical bonds, which sinq)ly restrict the rotation of the normal peptide link. 

Although not wishing to be limited by theory, once the peptide or peptide mimetic 
rotation is fixed, the resulting appended moieties begin to differentiate between themselves as it 
relates to their physiological and biological functions. The appending units or moieties from the 

1 5 core ring structure are herein described as * W pendant units" or ' Wts," "Y pendant units" or 
**units having a base moiety, a quatemary nitrogen nK)iety, or mixtures thereof;" and **Z pendant 
units." The units are so named to assist not only in differentiating their prospective functionality, 
but also as mnemonic devices to assist the formulator in conceptuahziag the scope and 
embodiments described herem. Therefore, units conveniently described as units (W pendant 

20 units) may play one or more other roles in eliciting the desired physiological and biological 
response. The scope of the present invention is not limited by this need to differentiate the 
appendages for the sake of clearly ddinmg the metes and bound of each group, unit, or moiety. 

As it relates to the term ''amino acid", those of ordmary skill m the art will recognize this 
term to mean the naturally occurring constituent elements of pq>tides, enzymes, and the like, as 

25 well as non-naturally occurring variants. The foUowing is a non-lirniting list of coiimion amino 
acids together with their abbreviation and smgle letter codes: alanine (Ala, A); arginine (Aig; R); 
asparagmes (Asp; N); aspartic acid (Asp, D); cysteme (Cys, Q; glutamic acid (Olu, Q); glutamme 
(Ohi, E); ^ydne (Gly, O); histidine (ffis, H); isoleucme(ne, 10; leucme (Leu, L); lysme OLys, K); 
metirionin (Met, M); phaiylalanine (Phe, F); proline (Pro, P); serine (Ser, S); threonine (Thr, T), 

30 tryptophan (Trp,W); tyrosine (Tyr,Y);valhie(Val^ Ofliernon-naturally occurring amino 
acids includes p-Benzoyl-phenylalamne (Bpa); P-(l-Naphthyl)-alanme (1-Nal); P-(2-naphthyl)- 
alanine (2-Nal); p-cyclohexylalanine (CSia), 3,4-dichlorophenylalanine (3,4-Dcp); 4-fluorophenyl- 
alanine (4-I^a); 4HDitrophenylalanine (4-Npa); 2-thienylalanine (Tha); 1 A3.4-tetrahydro- 
isoqumoline-3-carboxyIic acid (Tic); 3-benzothienylalamne (3-Bal); 4-cyanophenylalanine 
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(4-Ypa); 4-iodophmylalaimie (4-lpa); 4-hi:Dmophenylalaiime (4-Rpa); 4,4 -biph^ylalaxiine (fiip); 
ornithine (Qzn); saicosine (Sar); p^tafluQxopbenylalanme (J?fp)\ and P,p-dipheiiylalanine QXp), 
For the purposes of the present inv^tion, the amino adds are in the L-fomi (levdrotatoiy) unless 
otherwise indicated. FortheconmonammoacidSy the I>-fGim is indicated by the Iowct case 
5 single lett^ abbreviation, for exasq[>le, D-alanine is '*a", D-threonine is 

For the purposes of the present invention, when describing particular enobodiments or 
exan^Ies, one or more units may be identified c»: hig^ilighted with an asterisk, for exanqile, R***, 
J*, This serves only to delineate one unit from another and to enq)hasize that the exanoplefoci^ 
on changes or iterations in the particular unit FbrexamplceachJunit whether J or J"^ can 
1 0 con^rise the same elements, but for a particular exanq)le the focus is on the value of J units. 
Substituted Units. -SUB 

SUB units aie units capable of replacing hydrogen atoms. The term ''substituted" is used 
throughout the specification and for the purposes of the present invention the term "substituted" is 
defined as 'Replacement of a hydrogen atom, two hydrogen atoms, or three hydrogen atoms from 

15 a carbon atom to form a moiety, or the replacement of hydrogen atoms from adjacent carbon 
atoms to form a nooiety." For example, a substituted unit that requires a single hydrogen atom 
replacement includes halogen, hydroxyl, and the like. A two-hydrogen atom replacement 
includes carbonyl, oximino, and the like» Three hydrogen replacement includes cyano, and the 
like. The term substituted is used throughout the present specification to indicate that a moiety, 

20 inter alia, aromatic ring, all^l chain, can have one or more of the hydrogen atoms replaced by a 
substituent For exaixq)le, 4-hydroxyphenyl is a "substituted aromatic carbocyclic ring", and 3- 
guanidinqpropyl is a "substituted Qalkyl unit" The tmn -SUB' is used to indicate a substitute 
for hydrogen is a unit which is capaUe of hydrogen bonding, inter atia, hydroxyl, carbonyl. 
The following are non-limiting exan^les of mmeties, which can riq>lace one or more 

25 hydrogen atoms on carbon to form -SUB units: 



i) 


-NHCX)R*'; 


ii) 


-COR*; 


iii) 


-COOR^; 


iv) 


-COdfeOfc; 


V) 


-C(=NH)NHa; 


vi) 


-NHC(=NH)NHi; 


vii) 


-N(R'»)2; 


viii) 


-NHCeH,; 


ix) 


=CHC6lt; 
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X) 


-CON(R^: 


xi) 


-CONHNH2; 


xii) 


-NHCN; 


xiii) 


-0C2^; 


xiv) 


-CN; 


XV) 


F, CU Br, I, and mixtures thereof. 


xvi) 


=0; 


xvii) 


-OR"; 


xviii) 


-NHCHO; 


xix) 


-OH; 


xx) 


-NHN(R")2; 


xxi) 


=NR»; 


xxii) 


=NOR*'; 


xxiii) 


-NHOR^; 


xxiv) 


-CNO; 


xxv) 


-NCS; 


xxvi) 


=C(R^; 


xxvii) 


-SO3M; 



xxviii) -OSO3M; 
20 xxix) -SCN; 

XXX) -P(0)(OH)R^^ 

xxxi) -PCOXR^^; 

xxxii) -P(0)(0H)2; 

xxxiii) -SO^i; 
25 xxxiv) -SO2R"; 

xxxv) -NO2; 

xxxvi) -CT3, -CCb, -CBra; 

xxxvii) and mixtines thereof; 

wheiein is hydiogeii» C1-C20 linear or faranched alkyl, Q-Cjo aryl, C7-C20 alkyleneaxyl, and 
30 mixtures thereoi^ M is hydrogen, or a salt fooning cation. Suitable salt forming catbns include, 
sodium, lithium, potassium, calcium, magnesium, ammonium, and the like. Non-limiting 
exanq>les of an alkylenearyl unit include benzyl, 2-phenylethyl, 3-phenylpropyl, and 2- 
phenylpiopyL As described further herein below, units defined herein as "substituted units 



6 
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capable of fotming a hydrogen bond" are -^UB* units, exan5)les of which include hydio;^l and 
carbonyL 

For illustrative purposes, the following is a conformationally restricted ring having W, Y, 
and Z units attached thereto as well as an SUB substituted unit Li this example -SUB is an 
5 acetate (group (ii) wherein is methyl): 

w 




For the purposes or the present mvention, the substitution for a hydrogen atom may occur 
on die main hydrocarbyl chain or on a branch chain. 

The conformationally restricted ligands of flie present invention include all enatiomeric 
and diasteriomeric forms and pharmaceutically acceptable salts diereof , as described hecdn 
below, said ligands having the formula: 




z 



1 5 wherein A is a conformationally restricted ring system selected from the group consisting ofc 

a) non-aromatic carbocyclic rings; 

b) aromatic carbocyclic rings; 

c) non-aromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 

20 wherein said rings comprises from 5 to 8 atoms. The fonnulator may select from any of these 
four types of ring systems. For the purposes of the present invention the term "carbocyclic ring" 
is defined herein as " a any ring, which con5)rises only carbon atoms." The carbon atoms may in 
turn be bonded to hydrogen atoms, for example, as in the case of cyclohexanyl rings, or two or 
more bonds may be taken togeth» wifli a heteroatomi. for exan?)le, and oxy gen atom to form a 

25 carbonyl moiety. Also two adjacent hydrogen atoms may be absent flieieby forming a double 

bond between two adjacent carbon atoms, for exaiqple. a cyclohexanyl ring. The rings may be 

substituted by any number of other atoms m addition to the 3 units, W, X, and Y described herem 

below. For the purposes of the present invention the tern ••heterocyclic ring" is defined herein 

7 
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"as a ring, which conqnises at least oat atom, nitrogen, inter alia, other than caibon." Non- 
Hmiting exanq)les of heteiocyclic rings indude, piperidme, ketopqperaane, ketodiazepine, 
proline, piperazhie, pyrroline, and pyrrolidone. 

Non-limitmg embodiments of nan-aromatic, carbocyclic and heterocyclic rings indude: 

a) 



b) 



c) 



d) 



e) 



0 




g) 



8 
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W 




Z 



T 

z . 

t 

i) 



j) 



k) 




Y 



herein W, Y , and Z units are described hetein below; 
T is selectedfromtbe group consisting of: 

i) -C(R')tf-; wherein each R' is independently hydrogen, Ci-Q linear or branched 
aOsyl^ -SUB, and mixtures hereof, d is an index having the value 1 or 2; 

ii) -N-; 

iii) -NR's wherein R' is hydrogen, Q-Q linear or branched alkyl, -^UB, or a W, Y. 
or Z unit; in several embodiments R' is hydrogen, non-limiting exanq)les of 
which include confonnationally restricted analogs with rings having the fonnula: 



9 



wo 02/085925 



PCTAJS02/13340 




iv) -Os 
V) -Ss 

vi) -P(0>; for example in conjuncdon with confonnationally restricted analogs with 
rings having the f onmila: 

z , z or z 

J is selected from the group consisting ot 

i) -[COR'Odlk-; wherein each R" is independently hydrogen, Ci-Cn linear or 

branched alkyl, -SUB, two R" units can be taken together with an oxygen atom to 
form a carbonyl unit, two R" units from any J imits or an R" unit and an R' unit 
from a T unit can be taken together to form a carbocyclic or heterocyclic fused 
ring, bicyclo ring, or spiroannulated ring comprising from 3 to 7 atoms; the index 
d has the value of 1 or 2; the index k has the value of 1 or 2; in one embodiment, 
at least one J unit comprises the moiety -CPi'* in other embodiments J has the 
formola -CH2-, -C(0)-, and mixtures thereof; fused ring embodiments of J 
include conformatiQnally restricted rings havixig the fomnila: 




however R" can form heterocyclic rings, for example, a cyclic ether having the 
formula: 



W 




10 
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ii) 

iii) -NR'-; wherein R* is hydrogen, Ci-Q linear or branched alkyi, or a SUB unit; 

iv) -0-; 
V) -S-; 



5 vi) -P(0)- or -P(0)2S for exasople, in ccmjimction with other J or T units can fran 



moieties having the fomnila -OP(0)-; -OP(0)R^°-;-OP(0)0-; or -OP(0)R^O-; 
vii) and mixtuies thereof. 
W Pendant Unite 

W units of the present invention provide a first pedant unit attached to the 



10 confomoationaUy restricted ling. Ingeneral. the W unit has the fonmila: 



B 




wherein J is the sanae as defined herein above. The W units of the present invention have several 
aspects, which relate to, inter alia, the choice of B unit, the selection of units which conqnise the 
15 backbone of the W unit and the choice of R unit 
R units 

R is selected from the group consisting of: 



wherein said rings conqsrises fix>m 3 to 12 atoms. Non-limiting examples of aromatic and non- 
aromatic caibocyclic rings include cyclopropyl, cyclobutanyl, cyclopentanyl, cyclohexane, 
cyclohexenyl, cyclohq)tanyl, bicyclo-[0.1.1]-butanyl, lricyclo-[0.1.2]-pentanyl, bicyclo-[0.1.3]- 

25 - hexanyl (thujanyl), bicyclo-[0.2.2]-hexanyl, hicyclo-[0.1.4]rheptanyl (caianyl), bicycIo-[2.2.1]- 
heptanyl (noiboranyl), bicyclo-[0.2.4]-octanyl (caryophyUmyl), spirqpentanyl, 
diclyclopentanespkanyl, decalinyl, phenyl, bouyl, naphthyl, indenyl, 2H-indenyl, azulenyl, 
phenanthrenyU anthracenyl, fluorenyl, acenaphthylenyl, 1,2,3,4-tetrahydroiiaphthalenyl, and the 
like. Non-limitmg examples of aromatic and non-aromatic heterocyclic rings mclude: pyrrolyl, 

30 2H-pyrrolyl, SH-pyirolyl, pyrazolyl, 2H-imidazolyl, 1 A3^riazolyl, 1 A44iiazolyl, isoxazolyl, 
oxazoyl, 1 A4-oxadia2olyl, 2H-pyranyl, 4H-pyianyl, 2H-pyran-2-one-yl, pyridinyl, pyridazmyl, 
pyrimidmyl, pyrazmyU piperazinyl, s-triazmyl, 4H-l,2-oxazmyl, 2H-1,3-Qxa2myl, 1,4-Qxazinyl, 



20 



a) 
b) 
c) 
d) 



substituted or unsubstituted non-aiomatic caibocyclic rings; 
substituted or unsubstituted aromatic caibocyclic rings; 
substituted or unsubstituted non-aromatic heterocyclic rings; 
substituted or unsubstituted aromatic heterocyclic rings; 
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morpholinyl, azepinyl, oxepinyl, 4H-l>dia2epinyl, indenyl 2H-mdaiyl, benzofuianyl, 
isobenzofuianyl, indolyl, SH-indolyl, IH-indolyl, benzoxazolyl, 2H-l-ben2opyranyl, quinolinyl, 
isoquinolinyl, quinazolinyl, 2H-l,4-benzoxazmyl, pyrrolidinyl, pyrolinyl, quinoxalinyl, pynolyl, 
furanyl, tfaiopheiiyl, benzixnidazolyl, and the like. Each of these rings can be suitably substituted 
5 by one or more -SUB units. 

In one embodiment of the present invention R units are phenyl and substituted phenyl 
rings, inter alia, 3-fluorophenyl, 4-fluorophenyl. 3.5-difluQrophenyl, 4-chlorophenyl, and 4- 
hydroxyphenyl. 

In another embodiment of the present invention R units, encompass rings which are 
1 0 selected from the group consisting of substituted or unsubstituted phenyl, a-naphthyl, p-naphthyl, 
l-qmnolinyU 2-quinolinyl, 3-quinolinyl, 4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl, 8- 
quinoUnyl, 1-imidazolyl, 2-imidazolyl, 4.imida2olyl. 1-pyridinyl, 2-pyridinyl, 3-pyridinyl, or 4- 
pyridinyl. 

Another embodiment conqirises R units, which are phenyl, a-naphthyl, or P-naphthyl. 
15 LUmts 

L is a linking group, which serves to connect two or more units of the conformationally 
restricted receptor ligands. The following definition of L units applies to linking groups 
throughout the present invention. The linking groups of the present invention may comprise any 
atoms or groups of atoms, which suitably connect two or more units. One exarq>le of a suitable L 
20 unit class relates to the **peptide bond, carbonyl, and modified carbonyl unit" class of linking 
units. In one or more embodiments of the present invention, L units may be absent 

Noii-limiting examples of L units from this class of peptide bond, carbonyl, and modified 
carbonyl units are units selected fixim the group consisting of: 





i) 


-[C(R")Jp-, whndn p is fiom 0 to 12; 


25 


ii) 
ii) 


-[C(R")2]p(CBbCH)q-; whetein p is firom 0 to 12; q is fiom 1 to 6; 




iii) 


-CGXJNR"-; 




iv) 


-C(X)R'*C(X>; 




V) 


-C(X)NR"CCX)-; 


30 


vi) 


-C(X)NR"r"NR"C(X)-; 




vii) 


-NR"C(X)-; 




viii) 


-NR"C(X)NR"-; 




ix) 


-NR"C(X)R'*NR"-; 




X) 


-NR"R'^C(X)NR"-; 
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5 











JUIXJ 


-INK U^A/fNK xC 






XV^ 


-iv. INK K -; 














xx) 


-NR"N=Ns 


xxi) 


-nr"nr". 


xxii) 


-OR"-; 


xxiii) 


-R"0-; 


xxii) 


-(R"),OC(0)(R»)ri 


xxiii) 


-(R")^:(0)0(R»^rt 


xxiv) 


-(R"),0C(O)O(R"V; 


xxv) 


-S-; 



xxvi) -(R«)^(RiV; 

xxvii) -{R")^(X)(RV. 
«viiO -(R"),S(X)2(R")r;' 

20 X3dx) -(R**)^JR"S(X)(R")r; 

xxxi) -(R'^"S(X)2(R")r; 

xxxii) -CR"),S(X)2NR"(rV. 

wherein R" is hydrogen. linear or hcanched C,-Cio alkyl, hydroxyl, ^UB. at mixtmes Jhereof; 
25 R^isCx<:i6linearorhrandied,siibstitntBdoruiisubstit^ 

phenylene, or mixtmes thereof; or an R" and R" unit can be taken togefliw to finm a ring; X is 
oxygen, sul&r, sNR", and mixtuies theteop, t is 0 or 1. 

The followiiig relate to one onbodimeat of L units: 
i) -C(0)NH-; 
30 ii) -C(0)NHaO)-; 

iii) -NHC(0)-; 

iv) -NH-; 

v) -{CH2)bNH-; wherein b is firom 1 to 3; 

vi) -NH(CH2)b-; wherein b is fixm 1 to 3. 
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The following relate to another embodiment of L units: 

i) -(C3H2)p-, wherem p is from 0 to 12; 

ii) -C(0)-; 

iii) -(CHi)bNHswherembisfiromlto3. 

5 Other embodiments of the present invention may utilize only the -NH- moiety as a linking 

miits while still further embodiments utilize both -C(0)NH- and -NHC(0)-. Yet further 
embodiments select equally from die following L units: 

i) -C(0)NH-; 

ii) -NHCXOH 

10 iii) -NH-. 

Other embodiments may comprise a combination of carbonyl and modified 



units, for example, units having the fonnula: 


i) 


-C(0)-; 


ii) 


-C(=NH)s 


15 iii) 


-C(0)NH-; 


iv) 


.C(=NH)NH-; 


V) 


-NHC(0)-; 


vi) 


.NHC(=NH)-; 


vii) 


-NHC(=NH)NH-; 


20 oi only modified carbonyl units having the formula: 


i) 


-C(=:NH)-; 


ii) 


-C(=NH)NH-; 


iii) 


-NHCX=NH)-; 


iv) 


-NHC(=NH)NH-. 



25 Examples of L units whradn R" and R". two R" units or two R*^ units are taten together 

to form a ring include the conformationally restricted L units: 

p;: . a- . 9-; - a; 

however, the rings formed by the R" and R^* can also conqnise one or more heteroatoms, for 
30 e}uuxq)le a Imkmg unit having the formula: 
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^ I . 

B Units 

The B units of the present invention encomiass several distinct aspects, each aspect 
having multiple embodiments depending upon the requirements which the f onmilator sets forth 
5 for the receptor ligand. 

B units do not require a chiral center, but many enibodiments of B described herein 
conq)rise a chiral center. Several non-linnting embodiments of B, having chiral and n 
centers, are listed herein below. 

Formulators of MC-4, MC-3, and MC-4 and MC-3 recqitor Kgands wiU recognize that 
1 0 when any two of R^ and R* are the same, B will not have a chiral center unless one of the 
units R^ R\ and R* conq)rises a chiral center or two of R^ R\ or R"^ are taken together to fomi a 
ring which has a chiral center. B units arc represented by flie foGcmula: 

wherein R", R^ and R^ are described herein below. 
15 A first aspect of B relates to units wherem R*, R\ and R"* units are mdependently selected 

from the group: 

A) rings couiprising: 

a) substituted or unsubstituted aromatic carbocyclic rings; 

b) substituted or unsubstituted aromatic heterocyclic rings; 
20 c) and mixtures thereof; 

B) hydrogen; 

Q SUB units; and 
D) mixtures thereof. 

Non-lhnitmg exan5)les of substituted or unsubstituted rings accordmg to (A) above 
25 include: benzyl. 4-hydroxybenzyl, 3-chlarobenzyl, 4-chlorobenzyl, 3.5-dichlorbenzyl, 4- 
fluorobenzjd, (imidazol-2-yl)methyl, (mnda2ol-4-yl)methyl, 2-phenylethyl, 2-(4- 
hydraxyphenyl)ethyl, 3-(r-hydroxyphenyl)propyl, and the like. 

In one particular embodiment of this first aspect of B units, said B units conqwise a chiral 
unit having the f oonula: 
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Wherein and are each independently hydrogen, -C(X)N(R^^; -NCR^V, -N*(R")3D-; - 
C(X)N^(R")3D"; -NR"C(30R^*; and mixtuies thereof; provided R^ and are not the same; R" is 
hydrogen, Q-Cio alkyl, or mixtures thereof; R^* is Q-Cw linear or branched, substituted or 
unsubstituted alkyl, C7-C16 linear or branched, substituted or unsubstituted alkyleneaiyl; X is 
oxygen, sulfur, =NR^^, and mixtures thereof; D is a salt forming anion; R"^ is C7-C16 substituted or 
unsubstituted alkylaiylene, inter alia, benzyl and substituted bemsyL Specific exanq)le5 of R^ and 
R^ mclude <3l2aO)CH3, -NHCCOCHa, -NHCXOKlIaCHa, and -NHCCOCHzCHzCHa. 
One aspect of W conq>rises units having the formula: 



wherein J has the formula -{CHj)-, -QO)-. mixtuies thereof; 
L units are selected form the group consisting of: 

i) ^(0)NH-; 

ii) -C(0)NHC(0)-; 

iii) -NHCXO)-; 

iv) -NHs 

v) -(CH2)i>NH-; wherein b is from 1 to 3; and 

vi) -NH(CH2)b-; wherein b is from 1 to 3; 
R is substituted or unsubstituted aiyl; 

B is hydrogen or a unit having the formula: 



wherem R^ R^ and R"^ units are independently selected from the group: 



iii) and mixtures thereof; 

b) hydrogen; 

c) a unit selected from the group consisting of -CH2C(0)CH3, "NHC(0)CH3, - 
NHCCOCHaCHs, and -NHC(0)CH2CH2CH3; 

d) at least two of R^ R^ cr R^ can be taken together to form a ring; and 




3 




a) 



rings comprising: 

i) substituted or unsubstituted aromatic carbocyclic rings; 

ii) substituted or unsubstituted aromatic heterocyclic rings; 
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e) mixtuies thereof. 

One particular embodim^t of this aspect of B conopiises units that are hydrogen and 
R^ units that have the foImuk-MEl^C(X)R*^whetdnR^* is Ci^ hi one particular 

smes of embodiments R^ is -MIC(0)CBt and R^ is hydrogen while 
5 selected from the groiqi consisting of benzyl, 4-hydroxybwizyl, 4-chlorobenzyl, 4- 

methoxybenzyl, 3-nitrobenzyl, and mixtures thereof while another embodiment combmes these 
two wiits with R^ miits selected fom the groiq) consistmg of benzyl, 2-imidazolyl^ 
nmdazolyhnethyl,4-fluore)ben:qfl,4-hydroxyben2yl.and4naceta^ These embodunents 

of tins aspect are further exemplified in the analog tables heiem below. 
1 0 Embodiments of this aspect can readily utilize L^mmo acids and derivatives thereof as a 

source of B units. 

One embodiment of this aspect of W units, relates to coupling a B unit which is derived 
from a L-amino acid with an R unit which is dmved from a D-ammo acid. For exan^Ie, a W unit 
con^jrising the diamino acid residue N-acetyltyrosinyl-D-phenylalanine (N-acetyl-Y£), having the 
15 formula: 




wherein J is -C(0)-, J* is -CH2-, R is phenyl, L is -NHC(0>. 

Another embodiment of this aspect of the present invention relates to B units, which can 
be conveniently obtamed from D-amino acids as a source of a chiral carbon atom, for example, B 
20 units having the formula: 




wherein R^ is hydrogen, R^ is one or more units selected from the group consisting of benzyl, 4- 
hydroxybenzyl, 4-chloroben2yl, 4-methoxybeaizyl, 3-nitrobenzyU and mixtures thereof; R* is a 
units selected fit)m <:(0)N(H)2, -N(H)2 -N*(H)3D', -C(0)ir(R'^3D', ■'NHC(0)R^^ and mixtures 
25 fliereof ; R^* is a C7-C16 substituted or unsubstituted allgrlaryleQe unit, non-limiting exan^les of 
which are benzyl, 4-hydroxybenzyl, 2-phenylethyl, 3-phenyl ethyl, 2-(4-hydroxyphenyl)ethyl, and 
the like; D is a salt fomxuig anion. 

One embodim^t of W units rdates to conqpounds conqxrising a primary amino im |t^ for 
exanople, a W unit having the f omuila: 
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SUB 



wherein the SUB unit represents one or more replacements for hydiogra atoms as defined herein 
above. Other non-liimtingexaiiq)les of tMseiribodiinent include: 




SOB 



cop 



H 




SUB 



SUB 



Another aspect of the present invention relates to B units taken together with a 
sulfonamide linking unit to provide receptor ligands having W units of the formula: 



wherein R^ R^, and are defined hereinabove. One embodiment of this aspect relates to 
1 0 receptor ligands wherein at least two of R^ R^, or R* are taken together to form a ring or wherein 
R* comprises an aryl or het^oaryl group, said units selected ficom the group consisting of phenyl, 
benzyl, 2-phenethyl, naphthyl, naphthalen-2-ylmethyl, naphthalen-2-ylethyl, and 6-hydroxy- 
naphtalen-2ylmethyl, an non-limidng example of which comprises a scaffold having the formula: 
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OCT' 

^ H 

wherein R, R^, and R^^ represents any moiety described herein. 

Another aspect of the present invention relates to B units wherein at least one, pieferably 
at least two, of R^ R^ ot R* units conq>iise a hydrogen bonding unit selected from the groiq>: 

A) C1-C12 linear or branched alkylmdts substituted by one or niore hydrogen 
bonding SUB* units; 

B) C2-C12 Imear or branched alk^yl units substituted by one or more hydrogen 
bonding SUB* units; 

Q hydrogen; 

D) SUB' units; and 

E) mixtutes tbemxf; 

whecein SUB' units are "substitutions for hydrogen which conqprise units which are hydrogen 
bonding units." 

Non*Iimiting examples of -SUB ' units are selected from die group consisting o£ 



0 


-NHCOR**; 


a) 


-OH: 


iii) 


-COOH; 


iv) 


-C(=NH)NHi; 


V) 


-NH2: 


vi) 




vii) 


-CONH2; 


viii) 


^X)NHNH2; 


ix) 


-NHCN; 


X) 


-=0; 


») 


-NHCHO; 


xii) 


-NHNH2; 
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xiii) 


=:NH; 


xiv) 


=NOH; 


XV) 


-NHOH; 


xvi) 


-CNO; 


AVUy 




xviii) 


-osoM: 


xix) 


-P(0)(OH)R"; 


xx) 


-P(0)(R^°)R"; 


xxi) 


.P(0)(OH)2; 


xxii) 


-SOzNHa; 


xxiii) 


-NO2; 


xxiv) 


and mixtures thereof; 



Non-Uiniting exaiiq)Ies of W units which coiiq>rise a B unit having at least two hydrogen 



banding units have the fonnula: 




Another aspect of B units relates to R^ R^, and R"* units one of which comprises a 
20 hydrogen bonding unit attached to a ring, or two or three of R^ R^, and R^ units are taken together 
to fonn a rmg, an example of which has the formula: 
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Y units have the formula: 

5 — L-R'^ 

wherein R'^ is a heteroatom-containing group. 

The first aspect of Y units relates to short chain alkyl or aUkenyl (lower hydrocarbyl) 
est^ having the fonnula: 

1 0 wherein the index b is from 1 to 4; R'^ is a linear ester or amide, non-limiting examples of which 
include: jC(P)OCHr, -C(0)OCH2CH3; -C(0)OCHjCH2CH3; -C(0)0CIfcCH2CH2CH3; - 
C(0)OCH(CH3)2; -C(0)OCH2CH(CH3)2; -C(0)OCH2CH=CHCH3; -C(0)OCH2CH2CH(CH3)2; - 
C(0)OCH2C(CH3)3; -OCXO)CH3; -OCCOCHzCHs; -OCXOXJIzCHzCHj; -OC(OX3I(CH3)2; 
-OaO)CH2CH2C3J2CH3; -OC(0)aJ2CH(CH3)2; -OC(0)CH2CH=CHCH3; -OC(0)CH2C(CH3)3; 

1 5 -C)C(0)C%CH2CH(CHi3)2; and the like; and short chain substituted or nan-substituted amides, 
non-limiting ^camples of wUch are -C(0)NHa%; -C(0)NHC%C[]^; -C(0)NHCH(CH3)2: - 
QONHCHaCHiCHa: <X0)mCH^CH^CH^3i -C(0)NHCH2CH(CH3)2; -C(0)NH2; - 
aO)NHCH2C»=CHCH3; -C(0)NHC2fcaiiCH(CH3)2; -C(0)NHC3ifeC(CSt)3; - 
C3(0)NHCHiCHaSCH»; -C(0)NHCH2CHiOH; -NHC(0)CH^; -NHCXO)CHaC%; -NHC(0)- 

20 CHaCHbCHi; -NHC(0)CH3; -NHCCOCHaCHs; -NHC(0)CH(CH3)2; -NHC(0)Cai2CH2CH3; - 
NHCXO)CH2CH2CH2C3l3; -NHC(0)CH2CHCCH3)2; -NHCXOfe -NHC(0)CHaCH=CHCE[3: - 
NHC(0)CHaCH2CH(a!3)2; -NHC(0)ai2CKaii)3: -NHaO)C^ 
NHC(0)CH2CIfcOH; -NHCCOCHa; -NHC(0)CH2CH3; -NHC(0>CH2CH2CH3; and the like. 
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The second aspect of Y units relates to moieties, which comprise guanidine and guanidine 
xnimetics having the fonnula: 

wheiem R^^ is a xmit selected from the group consisting of: 

a) -C(X)N(R*^; 

b) -C(X)NR^*NCR^*%; 

c) -NR^*^C(X)N(R^^;and 

d) -NHN(R^*%; 

wherein X is ==0, =S, NR^^ and nodxtuies thCTsof, R^^ is hydrogen, methyl, cyano, hydroxy, nitio, 
and mixtures thereof; the index z is fcom 0 to 5. 

Non-limiting examples of R" units which comprise this second aspect of Y units include: 

— _N _N 

^C=NH C=NH ^C=NC^ p=m 

I^N B!** B«M (C^)NH 

— — — 
^C=NH ^C=NH C=NC:^ C=NH 

m V^i (CBim 



^ pk pi p, 

—N^ —Ms — — 

C=NCN ^C=NCN ^C=NCN <>=Na% 

NCNH CE^gNH ND-NH 

The third aspect of the present inventiai as it relates to Y anits conqnise S-member 
heterocyclic rings wherein is selected from the groiq> consisting o£ 
i) triazolyl having the fonnula: 



ii) tetrazolyl having the f ommla: 



N 



iii) fliiazolyl, 2Haiethylfliiazolyl, 4-mentyllhiazolyl, 5-n»fl»ylthiazolyl having die 
formula: 
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iv) 1,3.4-thiadiazolyl, 2-inethyH,3,4-thiadiazolyl having the fonnula: 

; "^S ; 

v) l,2,54hiadiazolyl, 3-methyl-l,2,S-thiadiazoIyI having the fonnula: 



4>N '_^> 



vi) oxazolyl, 2-niethylQxazolyl, 4-methyloxazolyl, S-methyloxazolyl having the 
fonnula: 

vii) imidazolyl, 2-methyliniidazolyl, 5-methyliimdazolyl having the fommla: 

10 H; H ; H; 

viii) 5-methyl-l^,4-oxadiazolyl, 2-methyl-l,3>4-oxadiazolyl, 5-aniino-lA4- 
oxadiazolyl, having the' fonnula: 

-fy-cH, -\y-o, -^vn^ 

ix) l,2Kiihydro[l,2,4]triazol-3-<>ne-l-yl,2-methyl-l,2-<Iihydxo[^ 
15 yl, having the fonnula: 

H ; a% ; 

x) oxazoIidin-2-one-3-yl; 4,4-dinjethyloxazolidin-2-one-3-yl; imidazolidin-2-one-l- 
yl; l-Qiethylimidazolidin-2-one-l-yl, having the fonoola: 

O ; O ; O ; O ; 

20 xi) 2-methyl-l,3,4-oxadiazolyl, 2-aimno-l,3,4-oxadiazolyl, 2-(NJ<T-dimethyIaniino) - 

1,3,4-oxadiazolyl. having the fnmula: 
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xy-..x>-.xy<z. 

These R^^ units when taken together with L units selected from the groiq) consisting of: 

i) -[C(R* ^)2]p-, wherein p is from 0 to 12; and 

ii) -R^'NR".; 

5 afford heterocyclic Y units, non-limiting exaii5)les. of which include units having the formula: 




A fourth aspect of Y units relates to moieties wherein R" conoprises a six membered 
heterocyclic ring, non-limiting examples of which include: 

i) pyridinyl units having the formula: 

ii) pyiimidinyl units having the formula: 




ii) piperidinyl units having the formula: 

-0..-0..0..-0. ■ 

1 5 Another aspect of the present invention relates to R^ units which are -NH2, and -Ott 

However, in die broadest sense, R" when taken together with a linkmg group having the- 
(CBtOp- wherein p is from 0 to 12, R" can be any of the units selected from the group consistiiig 
of amino, guanidino, guanyl. amidmo, pyrrolyl, 2H-pyiiolyl. 3H-pynrolyl, pyiazolyl. 2H- 

20 imidazolyl, 1.2,3-triazolyl, lA4-triazolyl, isoxa2x>lyl, oxazoyl, 1 A3-isoxazolyl. 1,2,4- 

oxadiazolyl, 2H-pyranyl, 4H-pyranyl, 2H-pyran-2-one-ylj pyridinyl, pyridaanyl, pyrimidinyl, 
pyrazinyl, piperaanyl, s-tiiaainyl, 4H-l,2-oxa2inyl, 2H-l,3-oxazinyl, 1,4-oxazmyl, moipholinyl, 
azepinyl, oxepinyl, 4H-l,2-diazepinyl, indenyl, 2H-indeiiyl, benzofuranyl, isoboizofuranyl, 
indolyl, 3H-mdolyl, IH-inolyl, benzoxazolyl, 2H-l-ben2ppyranyl, quinolinyl, isoquinolinyl, 

25 quinazolinyl, 2H-l,4-benzoxazinyU pyrrolidinyl, pyrrolidonyl, pyrrolinyl, quinoxalinyl, pynolyl, 
benzimidazolyl, and nuxtures thereof. 
Z Units 

Z units have the formula: 
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wheiein and are each independently 
i) hydrogen; 
5 ii) substituted or unsubstituted phenyl; 

iii) C7-C16 substituted or unsubstituted alkylarylene; 

iv) naphthyl; 

v) quinolinyl, 

vi) imidazolyl, 
10 vii) indolyl; 

viii) pyridinyl; 

ix) C3-C10 substituted or unsubstituted n(Ki-aiomatic carbocyclic ring; 

x) C2-C10 substituted or unsubstituted non-aromatic heterocyclic ring; 

xi) and noixtures thereof; 

15 R'" is hydrogen, <:(X)N(R% 'i^(JB}'W. 'C(X)N'(B}'hP\ -NR^«C(X)R". and 

mixtures thereof; R" is hydrogen, Q-Cio alkyl, or mixtures thereof; R" is Q-Cis linear or 
branched, substituted or unsubstituted alkyl, C7-C16 linear or branched, substituted or 
unsubstituted alkylenearyl; X is oxygen, sulfur, =NR", and mixtures thereof; D is a salt forming 
anion. 

20 In one embodiment of the present mvention, R* is hydrogen; R^ is indolyl or naphthyl; 

andR^°is-NHC(0)CH3. 

However, Z units may comprise a cWral center represented by the formula: 

V 

wherein R^ R^ and R^^ are the same as defined herem above, 
25 Another embodiment of the present invention con^rises Z units, which are tethered to the 

conformationally restricted ring component by a T unit coDD^rismg -0-, -NH-, -S-, and the lite, 
having the formula: 

\m RiO R»0 

whoein R^, R'> and aie each indepoidaiay 
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i) hydrogen; 

ii) substituted or unsubstituted phenyl; 

iii) C7-C16 substituted or unsubstituted alkylaiylene; 



5 



iv) naphthyl; 

v) quinolinyl, 



vi) imidazolyl, 

vii) inddyl; 

viii) pyridinyl; 

ix) and mixtuies theiiea^ 

In one embodin^t of this T unit conaprising tether, and R' are each a hydrogen and 
R^° is selected fix>m: 

i) substituted or unsubstituted phenyl; 

ii) C7-C16 substituted or unsubstituted alkylaiylene; 

iii) naphthyl, either a or ^ linked; 

iv) quinolinyl, 
' v) inddazolyl, 

vi) indolyl; 

vii) pyridinyl; 

viii) and mixtines thCTeof; 
Receptor ligands and Embodiments 

One aspect of the present invention relates to a combination of the different aspects of W 
pendant units with a variety of confonnationally restricted A rings and various Y and Z pendant 
units. Several aspects of W units coi][q>rise a di-peptide backbone, di-peptides, or di-peptide 
nmnetics. These variations of W can be conibined with any size confonnationally restricted ring, 
for example, the 5, 6, and 7 atom rings which provide receptor ligand scaffolds havmg the 



formula: 




z 



z 
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wherein R is a uiiit comprising at least one aromatic ring. This embodiment of the present 
invention illustrates the wide range of independent substitutions which the formulator can make at 
positions F and G relative to the size of the A ring and the Y and Z pendant units. In the 
examples above, 6 units can be the side chain of an amino acid while F units can be hydrogen of 
5 a suitable capping group. 

In a first embodiment of this aspect, R is an aryl unit, W is a di-peptide mimetic 
comprising G and F units as defined herein below. 

F units conqjrise: 

a) hydrogen; 
10 b) SUB units; non-limiting examples of which include 

i) .NHC(X)R^; 

ii) -C(X)R'°; 

iii) -C(X)N(R^; 

iv) -R^*^;. 

1 5 wherein R^° is C1-Q2 linear or branched, substituted or unsubstituted alkyl; Q- 

C22 linear or branched^ substituted or unsubstituted cycloalli^l; C2-C22 linear or 
branched, substituted or unstibstituted alkmyl; €3-022 linear or branched, 
substituted or unsubstituted cycloalk^yl; CrC22 linear or branched, substituted 
or unsubstituted hst&coBlky]; Ci-Cn linear or branched, substituted or 

20 unsubstituted cycloheteroallcyl; Q^:^ Imear or branched, substituted or 

unsubstituted heteroalkenyl; CrCa linear or branched, substituted or 
unsubstituted cycloheteroalkenyl; and mixtures thereof. 
O units comprise: 

a) Q-Cn substituted or unsubstituted aryl; for example, phenyl, 4-hydroxyphenyl, 
25 4*niethylphenyl, napfatiiyl; 

b) C6-C12 substituted or unsubstituted heteroaryl CVCn substituted or unsubstituted 
heteroaryl; for example, mdolyl; 

c) C7-Cn substituted or unsubstituted allgrlenearyl; for exan?)le, benzyl, 4- 
hydroxybenzyl; 

30 d) C3-C17 substituted or unsubstituted alkyleneheteroaryl; and 

e) mixtures thereof. 

However, one aspect of the di-peptide mimetic embodiment relates to non-peptide 
backbones, for exaiiq)le, receptor ligand scaffolds having the f oimnila: 
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F 



I 
z 




F 



or 



z 

F 



z 

F 



Ik 





^N-^G 

0" 



I 

Z 






The present invention also conoprises several aspects wMch relate to the presence of a 4- 
carbon atom conformationally restricted segmirat linking a di-peptide W unit or di-peptide 
mimetic W unit and a Z unit. 
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One embodiment of flie present invention relating to analogs having a four-atom segment 
connecting a W unit and a Z unit has general fonnula: 



V 



z 

wherein T is -CH-, -N-, and mixtures thereof; R, J, L, Y, B, and Z are the same as defined herein 

5 above; tfaeindexnisfiximlto4. 

For this embodiment of fee 4-carbon atom segment, -J*R units are taken together to form 
units selected from the group consisting of C1-C12 linear or branched alkyl; Q-Cn substituted or 
unsubstituted aryl; Ce-Cw substituted or unsubstituted hetsroaryl; C7-C17 substituted or 
unsubstituted alkylenearyl; C3-C17 substituted or unsubstituted allgrleneheteroaryl; and mixtures 

10 thereof. 

Another example of this aspect has the formula: 

V ■ 

wherein R, J, L, J*, T, Y, B, and Z are the same as delHned herein above; fee index n is from 1 to 
4. 

1 5 One aspect of fee receptor ligands of fee present invention relates to conformationally 

restricted 4-amino acid containing peptides or peptide mimetics having Y-f-R-W as fee core 
amino acid constituents, [tyrosinyl-D-phenylalanylargininyltryptophanamide (Tyr-D-Phe-Arg- 
Trp-NHa)], having a primary ten5)late wife fee general fonnula: 



W 



20 wherein the T unit at position-4 is -NH; the J units at position-3 and position-6 are each -C(0)-, 
thereby providmg a conformationally restricted ring having the formula: 
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10 




0 



H 



Another embodiment of the tyrosinyl-D-phenylalanyl moiety comprising W unit relates to 
compomds, an example of which is the receptor ligand having the f onnula: 




H 

Another variation of the conformational restriction of a tetra-peptide relates to the 4 
residue peptide having H-f-R-W as the core amino acid constituents, histidinyl-D- 
phenylaknylargininyltryptophanamide (His-D-Phe-Arg-Tip-NH2), is confonnationally restricted, 
and fiirdier optionally modified, to form one or more primary tenoplates having the general 
fonnula: 

w W 



wherem Wis a His-D-Phe- moiety. Dueto the pres^ce of the histidine amino add unit as part 
of the W unit, this enibodiment comprises a B unit having a heterocyclic unit, which 
enconq)assesatheaspectof B units which relates to confonnationally restricted hydrogra 
bonding B units. Variations of this ring structure wherein Y and Z units are modified as well as J 
1 5 tmits, coo^rise an embodiment of die present invention which is reflected in the enumerated 
exanoples herein below. . 

The following are non-limiting exaiqples of embodiments of this confonnationally 
restricted tenqilate: 
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Another embodiment of the present invention relates to S-membo: ring MC4 and MC4 
an/OT MC3 receptor ligands, for exanq)le ligands having a confotmationally restricted ten?)late 
having the formula: 




z 

with modifications made thereto to provide the following non-limitiag exaixq>ies of receptor 
ligands: 
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The following is a non-linxLtiiig description of several embodiments of the present 
invention. The following is a key to the succeeding tables of confonnationally lestricted MC-4, 
MC-3, and MC-4 and MC-3 receptor ligands. 

The following are non-limiting exan9)les of confonnationally restricted rings indicating 
the position of the W, Y, and Z units . 




A BCD 
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Y Y Y Y 

cy cpc j7' 



M N 



W W 



I y / y 

Z^N-^O tJ^O^ ^N^O 





U V w 

One embodimBnt of the present invention conq)rises 3-guanidinopropyl Y units attached 
to rings A-W, however, another aspect of the present inv^tion substitutes the following Y units 
for 3-guanidinopropyl. Y units are selected from the group consisting of: 





i) 


-(C3l2)3NHC(=NH)NH2; 


10 


ii) 


-(CH2)4NHC(=NH)NH2; 




iii) 


-(CH2)5NHC(=NH)NH3; 




iv) 


-<CHa)3C(=NHJNH2; 




V) 


-(CHi)4C(=NH)NH2; 




vi) 


-(CH2)sa=Jra)NBb; 


15 


vii) 


-(CH2)3NHa; 




viii) 


-(CHj)4NH2; 




ix) 


-(CH2)5NH2; 




X) 


-(C3Ji)6NH2. 



20 The fest category of receptor ligand analogs according to the present invention relates to 

conformationally restricted rings comprising a pyrrolidine scaffold having the formula: 
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Wherein each carbon indicated with an asterisk (an Im^ Table I relates to non- 

limiting examples of analogs conpising a &st aspect of this category, said analogs having the 
5 formula: 




wherein R, R^ R^, R^, and R^ are defined in Table I» however, the 3-anrinopropyl intermediates 
as described in Example 1 are also suitable receptor ligand analogs and represent an iteration of 
1Q this aspect of the present inventioa 



TABLE I 



No. 


R 




R^ 


R' 


R" 


1 


phenyl 




H 


benzyl 


• phmyl 


2 


benzyl 


-NHC(0)CH3 


H 


beiu^l 


ph»yl 


3 


3-fluQippIiaiyl 


-NHC(0)CH3 


H 


benzyl 


phenyl 


4 


4-fluorpplmiyl 


-NHC(0)a% 


H 


benzyl 


phenyl 


5 


3,S-difluorophenyl 


-NHC(0)CH3 


H 


benzyl 


phenyl 


6 


4-cfalQiopheayl 


-NHC(0)a% 


H 


benzyl 


phenyl 


7 


4-liydioxypIifinyl 


-NHC(0)CHa 


H 


ben^l 


phenyl 


8 


phenyl 


-NHC(0)CH3 


H 


4-iniidazQlyln)etfayl 


phenyl 


9 


benzyl 


-NHC(0)CH3 


H 


4-iinidazolyIniBlhyl 


phenyl 


10 


3-fluorophenyI 


-NHC(0)CH3 


H 


4-imidazol^mefliyl 


phCTyl 
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11 


4-fIuoFophmyI 


-NHC(0)CH3 


H 


4-iimdazolylmethyl 


phenyl 


12 


3,5^^uoiophBnyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


phenyl 


13 


4-chl(nopli»iyl 


-NHC(0)CH3 


H 


4-imida2olylinethyl 


phenyl 


14 


4-hydroxyphenyl 


-NHC(0)C3l3 


H 


4-iinidazolylniethyl 


phenyl 


15 


phenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


16 


benzyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


17 


3-fluQrophaiyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


18 


4-fluaiDphenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


19 


3,5-diflaoiDphenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


20 


4-chlorophenyl 


-1SIHC(0)CH3 


H 


4-chloroben^l 


phenyl 


21 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


22 


phenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


23 


benzyl 


-NHC(0XIH3 


H 


4-hydroxybenzyl 


phenyl 


24 


3-fluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybeiizyl 


phenyl 


25 


4-£Iuorophenyl 




H 


4-hydroxybenzyl 


phenyl 


26 


3,5-diflaarophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


27 


4-chloiophenyl 


-NHC(0)CH3 


H 


4-hydroxybeiizyl 


phooiyl 


28 


44iydioxyidienyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


29 


jdienyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


30 


benzyl 


-NHC(0)CH3 


H 


benzyl 


2^aphthyl 


31 


3-flu<»ophffliyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


32 


4-fluoropbenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


33 


3,5-difluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


34 


4-chlorophenyl 


-NHC(0)CH3 


H 


benzyl 


2rnaphthyl 


35 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


36 


phenyl 


-NHC(0)CH3 


H 


4-miidazolylinethyl 


2-naphthyl 


37 


benzyl 


-NHCXOjCHs 


TT 

H 


4-iiiuaazQiyirneinyx 


z-napninyi 


38 


3-fluorophenyl 


-NHCX0)CH3 


H 


4-iniidazolylniethyl 


2-naphthyl 


39 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-imidazolylniethyl 


2-naphthyl 


40 


3,5-difluorophenyl 


-NHC(0)CH3 


H 


4-mudazolyhnethyl 


2-naphthyl 


41 


4-chlorophenyI 


.NHC(0)CH3 


H 


4-iimdazolylmethyl 


2-naphthyl 


42 


4-hydroxyphMiyl 


-NHC(0)CH3 


H 


4-urddazolylmethyl 


2-naphthyl 


43 


phenyl 


-NHC(0)CIfe 


H 


4-chlorobenzyl 


2-naphthyl 
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44 


benzyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


45 


3-fluQropheayl 


-NHC(0)CH3 


H 


4-chloiobaizyl 


2-naphthyl 


46 


4-fluoroplienyl 


-NHC(0)CH3 


H 


4-chloiobenzyl 


2-naphthyI 


47 


3,S-di£luoiopheayl 


-NHC(0)CH3 


H 


4-chloTobenzyl 


2-naphthyl 


48 


4-chloiopheiiyl 


-NHC(0)CH3 


H 


4-chlQiobenzyl 


2-naphthyl 


49 


4-hydxx>xypheiiyI 


-NHC(0)CH3 


H 


4-chlQiobenzyl 


2-ni9hthyl 


50 


ph^yl 


-NHC(0)C3l3 


H 


4-hydioxybenzyl 


2-naphthyI 


51 


benzyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-iiaphthyl 


52 


3-fIuorophenyl 


-NHC(0)CH3 


H 


4-hydioxybenzyl 


2-naphthyl 


53 


4-fluQrophenyl 


-NHC(0)C3l3 


H 


44iydroxybenzyl 


2-naphthyl 


54 


3,5-difluorophenyl 


.NHC(0)Cai3 


H 


4-hydroxybenzyl 


2-^phthyl 


55 


4-chlorDphenyl 


-NHC(0)CH3 


H 


4-hydioxybenzyl 


2Hiaphthyl 


56 


44iydioxypheiiyI 


-NHC(0)CH3 


H 


44iydio^benzyl 


2-4iaphthyl 


57 


4-fluQcophenyl 


H 


H 


benzyl 


2Haaphthyl 


58 


phenyl 


H 


H 


benzyl 


2-naphthyl 


59 


4-flucM:ophenyl 


H 


H 


4-hydroxybenzyl 


2-naphthyl 


60 


phenyl 


-NHC(0)CH3 


H 


2-naphthylniethyl 


2-naphthyl 



The following is an outline of a synthetic pathway for preparing analogs 1-60. however 
other embodiments of the pyirolidone scaffold can be prepared using modifications to this general 
scheme. 



A A ^ 0^ 

HO m w 

Reagents and conditicms: (a)(Boc)20.TEA. 0**Ctort; 
(b) TMEDA, j£C-BuU -78 to -40 ^'O, CH2=CHCB2Br. -78 to rt. 



(^omptkk 0(0)Oqc^ 





Igf o For Qjnpomids 60-88 R'=i&enyi 

Reagents and conditions: (c) NaH. FhCH2Br (anabgs 60^8), N^(%Br (analogs 61-120X 0 to it 
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11 X 

Reagents and conditions: («0 BHrTHF, HjtVNaOH, lU (e) C^jSOja TEA. 0 'C to it 

^o)oc(a%)3 pQ)00(a%)3 ^ 





jP^b rXh 



Reagems and conditioDs: (f) NaNj. 70 °C; TFA-HiO-CH^, it 

XCtk)3 




00(C 




1% 




Reagents and conditions: (h) Boo-D:Phe (analogs 1. 8. 15. 22. 29. 36. 43. 50. 58. and 60). Boc-homo-I^he (analogs 2. 
9. 16, 23. 30. 37, 44, and 51), Boc-D-Phe(3-F) (analogs 3. 10. 17. 24, 31. 38. 45. and 52). Boc-D-Phe(4-P) (analogs 4, 
11. 18, 25, 32, 39. 46, 53, 57. and 59). Boc-D-Hie(34-F) (analogs 5. 12, 19. 26. 33. 40. 47. and 54). Boc-D.Plie(+<a) 
(analogs 6, 13, 20, 27. 34, 41. 48. and 55), Boc-D-Phe(4-OH) (analogs 7. 14, 21, 28. 35. 42. 49. and 56); 1- 
t^droxybenzotiiazole, W-methylmoiiAoUne, l.(3Hlimethylaniinoopropyl)-3-ethylcaibodiiniide, it 
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Reagwits and conditions: (j) A(^CH(CH2Phe)C02H (analogs 1-7, 29-35, 57, and 58); i^^-Ac-histidine (analogs 8-14, 
and 36-42; AcNHCH[(3l2Phe(4-Cl)]C02H (analogs 15-21, 43-49), ^-Ac-tyrosine (analogs 22-28, 50-56. and 59); 
5 AcNHCH(CH2Nq}h)CQzH (analog 60); 1-l^dioxybenzotiiazole, i^-metb^mori^line, l-(3-dimethylaminoopropyl)-3- 

ed^lcaibodimiide, it 




Reagents and oonditi<nis: Q) BocNHC(SCH3)=^oc, HgC%. it 
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Reagents and conditions: (m) TFA:CH2Cl2:anisole, rt 



PREPARATION OF PYRROLIDINE SYNTHETIC INTERMEDIATE 
The following is a procedme for preparing the pyrrolidine scaffold inteimediate having 
the formula: 




wherein for this exainple R^ is a 2-naphthyl moiety. 

2-^-r3-A2idoproDvn-4-Jg-fna Dhthiden-2-vlmi>thoxv)-^^ 

Preparation of iV-Boc-3-lt-hydroxypyrrolidinc, (1): Di-^^rt-butyl dicaibonate (14.0 g, 
63. 1 mmol) is added to a stirred solution of 3-/2-hydroxypyrrolidine (5.0 g, 57.4 mol) and 
triethylamine (16 mL, 114.8 mmol) dissolved in dichloromethane (58 ml) at 0 °C. The resulting 
solution is allowed to warm to room temperature and stirred for 4 hours. The solution is then 
diluted with dichloromethane (50 mL), washed twice with 1 N HQ and twice with aq. NaHCOa 
solution. The organic layer is then dried over Na2S04, filtered and concentrated in vacuo to give 
the desired product (9.9 g, 92 %) as a white solid which is sufficiently pure for use without further 
purification. 

Preparation of iV-Boc-2-S-allyl-4-l?.hydroxypyrrolidine, (2): A solution of iV-Boc-3- 

/^-hydroxypyrrolidine, 1, (3.0 g, 16.0 mmol), and TMEDA (6.4 mL, 40.1mmol) is dissolved in 

THF (50 mL) and cooled to -78 To this reaction mixture is added a solution of 1.3 M sec- 

butyl lithium (50 mL) in cyclohexanes with stirring. The resulting orange-colored mixture is 
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allowed to warm to -40 **C and stiired for 2.75 hours . Hie mixtuie is again cooled to -78 "C and 
allyl bromide (3.1 mL, 3S.3 mmol) is added. Tins mixture is slowly warmed to room terqperature 
with stining over 4.5 hours. The reaction is quenched with aq. NH4Q solution and extracted with 
ethyl acetate (ISO mL). The organic layer is then dried over Na2S04> filtered and concentrated in 
5 vacuo. The oily residue is purified over silica gel (CH2Cl2/acetone, 3: 1) to afford the desired 
product (2.0 g, 56%) as a clear oil. 

Preparation of iV«Boc-2-5-anyM-J{-(naphtlialen-2-ylmeflioa7)pyrroKdm (3): 
Sodium hydride (408 mg, 1 1.5 mmol) is added m portions to a stkred solution of N-Boc-2-iS-allyl- 

1 0 4-/?-hydroxypyrrolidine, 2, (2.0 g, 8.8 mmol) in DMF at 0 and the reaction mixture is stkred 
for 20 min. 2-(Bromomethyl)naphthalene (2.9 g, 13.2 mmol) m DMF(5 mL) is then added and 
the resulting solution is stirred for 5 hours at room temperature. The reaction is quenched with 
aq. NH4CI solution and extracted twice with ethyl acetate. The combined carganic layers are dried 
over Na2S04, filtered and concentrated in vacuo to a yellow oil. The oil residue is purified over 

1 5 silica gel (hexanes/EtOAc, 6: 1) to afford the desired product (2.7 g, 84%) as a clear oil. 

Preparation of iV-Boc-2-S-(3-hydroxypropyl)-4-lf-(naphthalen-2-ylmethoxy)- 
pyrrolidine (4): A 1.0 M solution of borane-tetrahydrofuran complex in THF (11 mL, 11 mmol) 
is slowly added to a solution of N-Boc-2-S-allyl-4-i?-(iiaphthalen-2-ylmethoxy)pyrrolidine, 3, (2.7 
20 g, 7.3 mmol) in THF (15 mL) and the reacti<m mixture is stkred for 0.5 hour, after which HsO 
(4. 1 nd) is carefully added foUowed by die addition of 3.0 M NaOH (7.3 mL) and 33 % H202 (5.0 
niL). This rnixture is stkred for 2 hours and then is extracted with EtOAc (50 no^^^ Theorganic 
layer is dried over Na2S04, filtered and concentrated in vacuo to a yellow oiL The oily residue is 
purified over silica gel (hexanes/BtOAc, 1:1) to afford the desired product (712 mg) as an oil 

25 

Preparation of iV-Boc-2-^"(3-me11ianesuIfonyloxypropyl)-4-J{-(naphfh^ 
ylmetho2y)pyrroIidiiie (5): Methane suUbnyl chloride (0.215 mL, 2.8 mmol) is added to a 
stirred solution of iV-Boc-2-^K3-hydroxypropyl)-4-J{<naphthalen-2-ylmethoxy)pyiioUd^ 4, 
(712 mg, and triethylamme (0.39 mL, 2.8 mmol) in dicUoromBtibane (6 mL) at 0 °C, and the 
30 reaction mixtme is then stirred at room tenqierature for 0.75 hour. The reaction is quenched with 
saturated aq. NaHCOa solution and extracted twice with dichloromethane (25 ihL). The 
combined organic layers are dried over Na2S04, filtered and concentrated in vacuo to afford the 
desked product (856 mg, 100%) as an oil which is suf&ciently pure for use without furth^ 
purificatioTL 
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Preparation of iV-Boc-2-5-(3-azidopropyl)-4-«.(iiaphthalm^ 
pyrrolidine (6): Sodium azide (361 mg. 5.50 mmol) is added to a solution of //-Boc-2nS-(3- 
metbanesulfonyloxypropylH-/{<naphthalen-2-ylmethoxy^ 5, (856 mg, 1.85 mmol) in 

5 DMSO (7 mL) and the reaction mixture is stiired at 70 for 3 hours. The reaction is quenched 
with H2O and extracted with EtOAc (30 mL). The extract is dried over Na2304, filtered and 
concentrated in vacuo to an orange-colored oil. The oily residue is purified over silica gel 
(hexanes/EtOAc, 3:1) to afford the desired product (584 mg, 78 %) as a colorless oil 



H 

I 




Preparation of 2-S-(3.azidopropyl)-4-li-(naphthaIen-2-ylmethoxy)pyrrolidine (7): A 
prepared solution of TFAiHzOrCHcCli (1:0.1: 1, 20 mL) is added to a round-bottomed flask 
charged with iV-Boc-2-5K3-azidopropyl)-4-/J<naphthalen-2-yhnethoxy)pyrroUto^ 6. (2.85g, 
15 6.95 mmol) and the reaction nuxture is stirred fori hour. The mixture is concentrated in vaciw to 
give the desired product (3.0 g. 100 %) as a TFA salt. The crade oil is carried forward as an 
intermediate in the synthesis of embodiments of the present invention without further purification. 
The pyrrolidine synthetic intennediate having die formula: 



H 

I 




can be prepared by substituting benzyl bromide for 2-(bromomethyl)naphthalene under the 
conditions described herein above for the preparation of compound 3. 

EXAMPLE 1 
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2^-Acetvlamino-jV-f2.r2^y-r3^mm«prnp Yn.4.g.fimDhthdeii-2.vlinethn^^ 
PViT0Kdip-l-vn-l-J?.benzvl.2.i«o^thvlU^ (4-hvdroxvnhenvl Wniftnam fll) 

Preparation of 2-5-A^-(tert-butoxycarbonyl)amfaio-l-[2.(3^dopropyO-4-fi- 
5 .(naphtliaIen-2-ylmethoxy)-pyrroKdui-l-yi].3-phenylpropaii-l-one(8): To a sdution of 2-5- 
(3-azidopropyl)-4-/?-(naphthalen-2-ylmethoxy)pyiroUdme (1.0 g, 2.36 mmol). AKfeit- 
,butoxycaibonyl>D-phenylalaiime (625 mg, 2.36 mmol), 1-hydroxybenzotriazole (641 mg, 4.72 
mmol) and W-methylmoipholine (0.8 mL, 7.07 mmol) in DMF (9.4 mL) is added l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (506 mg, Z83 mmol) and this mixture 
10 is stined at room temperature for 1.25 hours. The reaction is quoiched with saturated aq. NH«a 
solution and extracted with EtOAc (75 mL). The organic layer is washed with H2O (100 mL). 
brine (100 mL), dried over NajSO*. filtered and concentrated in vacuo to a biown-colored oil. 
The crude oil residue is purified by over siHca gel (hexanes/EtOAc, 3:2) to give the desired 
product (986 mg, 75 %) as a white solid. 

15 

Praparatfon of 2^-emino-l-[2-0^dopFopyI).4-j;-(iiaphtlialen-2-yImeflioxy)- 
pyiTolidiii.l-yI].3-pheiiyIpi:opaii-l-4Mie (9): A solution of TFArCHjaarHaO (1:1:0.1, 10 ml) is 
added to a round-bottomed flask charged with 2nS-A^(teit-butaxycaibonyl)-flinino-l.[2-(3- 
azidopitqn'l)-4-/lKii!qphtbalen-2-yhnethoxy)-pyiroUdin^^ 8, (986 mg, 

20 1.77 mmol), and reaction mixture is stined at room tenopetature for 1.0 hour. The solution is 
concentrated to give the trifluoroacetic add salt of tiie desired compound (1.0 g, 99 %) as a clear 
oil, wUdi is sufGcieatiy pure to next reaction without purification. 

Preparation of 2-5-acetylaniino-A42-[2-S:.(3-a2idopropyO-4-J?.<naphfluIen-2- 
25 ylmefl»oxy)pyr^olidin-^.yll-l.J^.ben?y^2.oxo-ethyI^3-(4-hydroxypheny0p^opionalIdd^ aO): 

To a solution of 2-5-amino-l-[2-(3-azidopropyl)-4-i?-(n£q)bthaIen-2-yImethoxy>pyiroKdin-l-yl]- 
3-phenylpropan-l-one, 9, (1.5 g, 2.63 mmol), iV-acetyl-L-tyrosine (586 mg, 2.63 mmol), 1- 
hydioxybenzotriazole (709 mg, 5.25 mmol) and AT-methyhnorpholme (0.9 mL. 7.88 mmol) in 
DMF (8.8 mL) is added l-(3-dimeaiylaminopropyl)-3-ethylcarbodiimide hydrochloride (564 mg, 
30 3.15 mmol) and flie reaction mixture is stirred at room ten^jeiature for 1 hour. The reaction is 
quenched wifli saturated aq. NH4CI and extracted twice with EtOAc (75 mL). The combined 
organic layers are washed wifli H2O (80 mL), brine (80 mL), dried over Na2S04, filtered and 
COTCCTlrated in vacuo to an ofl. The crude oU is purified over silica gel (acetone/CH2a2, 3:2) to 
afford the (ksired conqiound (1.03 mg, 60 %) as a white solid. 
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Preparation of 2-5-acetylainino-iV-{2-[2-5-(3-aiiiinopropyl)-4- 
ylmethoxy)-pyni>Udin-l-yI]-l-l{-beii:7l-2M>xo-efl^^^ 
(11): A solution of l-S-acctylmmo-N-il'll-S-O-^^ 
5 pym)Udin-l-yl]-l-/i-benzyl-2-^xo-ethyl}-3-(4-h^ 10, (1.03 g, 1.56 

tnmol) and pyiidine (0.07 mL, 0.78 mmol) in metiianol (5.0 mL) is purged witii axgon and 10 % 
by weight palladium on carbon (500 mg) is then added. This leaction mixtuce is stirred in a 
hydrogen atmospheire for 5 hours. The reaction is tiien fQtered tiirough a pad of Celite to remove 
the catalyst and the filtrate is concentrated m vacuo to yield an embpdimrat of the preset 
1 0 invention (871 mg, 88 %) as a white solid. 

This procedure can be used to make the 3-aminopropyl analogs which represent one 
iteration of the pyrrolidinyl scaffolds. The materials obtained at this point are sufficientiy pure to 
be used directiy for the preparation of guanidino-pyrroUdme analogs of the present invention. 

15 EXAMPLE2 

2>S-AceMamin<>-Ar>-l2-r2-S-f3-gnamdinopropvlV4-Jg'-fnaphthalen' 
2-vhnethoxvVpvrrolidin-l-vn-l-Jg-benzYl-2-oxo-ethvll-3- 
('4"hvdroxYPhenvRpropio nfl'nide (13) 

20 Preparation of 2-S-acetylammo-^-{l-i?-ben2yl-2-[2-SK3-N,A^'-bi^^^^ 

butoxycarbonyl)guamdinopropyl)-4-l!-(naphthalen-2-ylmethoxy)-pyrroBto 2-oxo- 
eliiyl}-3-(4-hydroxyphenyl)-propionamide (12): MercuryOQ) chloride (113 mg, 0.24 mmol) is 
added to a solution of 2TS-^cetylammo-iV^{2-[2TSK3-ammopropyl)-4-l?-<naph^ 
ylmethoxy)pyrToUdin-l-yl]-l-/?-*en2yl-2-<)xo-efliyl}-3<4^ydr^ 11, (125 

25 mg, 0.20 mmol), l,3-bis(teit-butoxycarbonyl)-2-metiiyl-2-ttiiopseudo urea (57 n^g, 0.2 mmol) and 
triethylamine (0. 1 mL, 0.59 mmol) in dry DMF (2 mL) and tiie reaction mixture is stirred at 0 
forlhour. The reaction mbcture is tiien diluted witiiEtOAc,fateied through a pad of CeU^^ 
the filtrate is concentrated in vacuo to afford the crude product as an oil. The crude isolate is 
purified ov^ silica gel iCHzCym^ibmol 14:1) to afford tiie desked product (170 mg, 98 %) as a 

30 white solid. 

Preparation of 2^-ace1ylamino-^^{l-l^-benzyl-2-[2nS-(3-guanidInoprop^^^ 
(naphtha!en-2-ylmethoxy)pyrroUdin-l-yl)- 2-oxo-cthyl}.3-(4-hydroxyphenyI)propioiiamlde 
(13): A solution of TFA:ai2a2:anisole (40:55:5, 3.0 niL) is added to a round-bottomed flask 
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10 



15 



Charged with 2-S'-Acetylamino-iV-{ l-i?-benzyl-2-[2-^<3-Ar^'4iis(tert.butoxyc 
guanidmopropyl)^/?^naphthalen-2-ylinethoxy)p^ 

phenyl)propioiiamide, 12, (170 mg, 0.19 mmol) and the leactioii mixture is stined far 3.25 hours. 
The reaction mixture is then diluted with dichloroethane and concentrated m vacuo. The crude 
product is purified by reverse phase prep HPLC to give embodiment No. SO.ficom TABLE I (57 
mg, 44 %) as a white powder. 

Another category of receptor ligand analogs according to the present invention relates to 
conformationally restricted rings comprising a piperidine scaffold having the formula: 

Y 

wherem each carbon indicated with an asterisk can have any configuratioa Table n relates to 
non-limiting examples of analogs conqnising a first aspect of this category, said analogs having 
the formula: 




wherein R, R,^ and R* are defined in Table IL 



TABLE n 



No. 


R 




R^ 


R' 


R" 


61 


ptenyl 


-NHC(0)CH3 


H 


bem^l 


phenyl 


62 


4-chl(sop]ieayl 


-NHC(OX3l3 


H 


benzyl 


phenyl 


63 


4-fluaroplienyl 


-NHC(0)C3l3 


H 


benzyl 


phenyl 
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64 


3,4-4iflaorophenyI 


-NHC(0)CH3 


H 


benzyl 


phenyl 


65 


phenyl 


-NHC(0)C3Ij 


H 


2-iimdazolylinethyl 


phenyl 


66 


4<hlacophBnyl 


-NHC(0)CH3 


H 


2-iimdazolyliiiethyl 


phenyl 


67 


4-flu(nophrayl 


-NHC(0)CH3 


H 


2-iniidazolylmethyl 


phenyl 


68 


3,4-difluoiqphenyl 


-NHC(0)CH3 


H 


2-iimdazolylmethyl 


phenyl 


69 


phenyl 


-NHCX0)Cff3 


H 


4-unidazolylmethyl 


phenyl 


70 


4-chl(Hrophenyl 


-NHC(0)CH3 


H 


4-iimdazolyliDethyl 


phenyl 


71 


4-fluorqphenyl 


-NHC(0)CH3 


H 


4-iiDidazolylinethyl 


phenyl 


72 


3,4-difluoiophenyl 


-NHC(0)CH3 


H 


4-iimdazolylmethyl 


phenyl 


73 


phenyl 




H 


4-fluorobenzyl 


phenyl 


74 


4-chlorqphaiyl 


-NHC(0)CH3 


H 


4-fluorobenzyl 


phenyl 


75 


4-fluorophenyl 


-NHC(0)CHa 


H 


4-fluorobenzyl 


phenyl 


76 


3,4-difluorophBnyl 


-NHC(0)CBfe 


H 


4-fluorobenzyl 


phenyl 


77 


phenyl 


.NHC(OX3l3 


H 


4-hydroxybenzyl 


phenyl 


78 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


79 


4-fluarophenyl 


-NHCXOXHs 


H 


4-hydroxybenzyl 


phenyl 


80 


3.4-<liflaoiophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


81 


phi»iyl 


-NHC(OX3l3 


H 


4-chlorobenzyl 


phenyl 


82 


4-chlaFophenyl 




H 


4-chlorobenzyl 


phenyl 


83 


4-fluciophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


84 


3,4-diflaQn9henyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


85 


phenyl 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


phenyl 


86 


4-chl(wophenyl 


-NHC(0)C2i3 


H 


4-acetoxybenzyl 


phenyl 


87 


4-fluorophenyI 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


phenyl 


88 


3,4-difluorophenyl 


-NHaO)ai3 


H 


4-acetoxybenzyl 


phenyl 


89 


phenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


90 


4-chIorophenyl 


-^ffiC(0)CH3 


TT 
XI 




2-nai)hthvl 


91 


4-fluorophenyl 


-NHC(OX3l3 


H 


benzyl 


2-naphthyl 


92 


3,4-difluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


93 


phenyl 


-NHC(0)CH3 


H 


2-lniidazolylmethyl 


2-naphthyl 


94 


4-chlorophenyl 


-NHC(0)CH3 


H 


2-unidazolylinethyl 


2-naphthyl 


95 


4-fluorophenyl 


-NHC(0)CH3 


H 


2-unidazolylmethyl 


2-naphthyl 


96 


3,4-difluarophenyl 


-NHC(0)CH^ 


H 


2-iinidazolylmethyl 


2-naphthyl 
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97 


phenyl 


-hfHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


98 


4-chlorophenyl 


-NHC3(0)CH3 


H 


d-imidaTolylTnethyl 


2-naphthyl 


99 


4-fluorophenyl 


-NHC5(0)CH3 


H 


4-miidazolyliDethyl 


2-naphthyl 


100 


3,4-difluoiopIienyl 


-NHC(0)CH3 


H 


4-unidazolyhiiethyl 


2-n^hthyl 


101 


phenyl 


-NHC(0)CH3 


H 


4-fluQrobenzyl 


2-naphihyl 


102 


4-chlorophenyl 


"NHCXO)CH3 


H 


4-fluQrobenzyl 


2-naphthyl 


102 


4-fluQrophenyl 


-NHC(0)C3l3 


H 


4-fluQrobenzyl 


2-napfathyl 


104 


3,4-difluoiophenyl 


.NHCX0)CH3 


H 


4-fluQrobenzyl 


2-naphthyl 


105 


phenyl 


-NHC5(0)Cai3 


H 


4-hydroxybenzyl 


2-naphthyl 


106 


4-chlorophenyI 


-NHC(0)C3l3 


H 


4-hydn)xyben^l 


2-naphthyl 


107 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


108 


3,4-difluQrqphenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


109 


phenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphtfayl 


110 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


111 


4-fluorophenyl 


-NH0(0)CH3 


H 


4<hlQrobenzyI 


2-naphthyl 


112 


3,4-difluorophenyI 


-NHC(0)CH3 


H 


4-chlQtobenzyl 


2-naphthyl 


113 


phenyl 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


2-naphthyl 


114 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


2-naphffayl 


115 


4-fluorophenyI 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


2-naphthyl 


116 


3»4-difluorophenyl 


-NHC(0)CH3 


H 


4-acetoxybenzyl 


2-naphthyl 


117 


phenyl 


H 


H 


benzyl 


2-naphthyl 


118 


4-chlorophenyl 


H 


H 


benzyl 


2-naphthyl 


119 


4-fluorophenyl 


H 


H 


benzyl 


2-naphthyl 


120 


3,4-difluorophenyl 


H 


H 


ben^l 


2-naphtfayl 



The following is an oudine of a synthetic pathway for preparing analogs 61-120, 
however, other embodiments of the piperidine scaffold can be prepared using modificatians to 
diis gmeral scbecoe. 

5 
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Reagents and conditions: (a) CbzO, 0 CH2=CHCHiMga. -78 'C to 0 "C; (b) ZnmOAc. 





H H 

Far Con^ouods 1-28 » phenyl 
29-60 R's2-naphtfayl 

Reagents and conditions: (c) K-selectiide, 10 °C; 
(d) NaH, PhCH2Br (cpds 1-28), NaphCHjBr (analogs 89-120), 0 **C to rt 





RV 



Reagents and conditions: (e) BI^-THF, %02/NaOH, 0 °C to rt 



10 




Reagents and conditions: (f) (BocNH)2C=NH, dii 



'.O'tltoit 



15 




Reagents and conditions: (g) Hj, Pd/C, pyridine, it 
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V 

H H 



r 



r N NHBx 



V 



H H 



'NBBoc 



Reagents and conditions: (h) Rnoo-I>phenylalanine (analogs 61. 65, 69, 73, 77, 71, 85. 89, 93, 97. 101, 105. 109, 113. 
and 57), Rnoc-D.(4-diloio)phenylalamne (analogs 62. 66. 70. 74.78. 82, 86, 90. 94. 98, 102. 106. 110. 114. and 118). 
Fmoo.D-(4-fluorD)pheiiylalanine (analogs 63. 67. 71. 75. 79, 83, 87, 91. 95. 99. 103, 107, 111, 115, and 119), Rnoc-D- 
(3,4-diflnoro)plienylalamne (analogs 64, 68, 72, 76, 80, 84. 88, 92, 96. 100, 104, 108, 112, 116, and 120), (i- 

propyDzNEt. PyBioP, - 20 




H H 

Reagents and conditions: (i) pq)eiidine, it 



NBBbc 




NHBcx: 



ftCr(0)NH^\^R* 




NHBoc 



Reagents and conditions: (j) EDO, HOBt, AT-ace^-L-PhMiylalanine (analogs 61-64, 89-92, and 117-120). iV-acetyl- 
(2-iniidazolin3d)-L-histidiue (analogs 65^8 and 93-96), A^-acetyl-L-histidine (analogs 69-72 and 97-100}. AT-acetyi-L- 
(4-fluoro)phenylalanine (analogs 73-76 and 101-104), AT-acetyl-I^tyrosine (analogs 77-80 and 105-108). iV-acetyl-L<4- 
diloro)phenyManine (cpds 81-84 and 109-112), iV-acetyH^(4-acetyl)tyiosine (analogs 85-88 and 113-116). 
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Reagents and ooziditions: (10TFA,rt 



PREPARATION OF PIPERIDINE SYNTHETIC INTERMEDIATE 
5 The following is a pioceduie for pieparing the pyirolidine scaffold intennediate having 

thefonnula: 

NBoc 
NHBoc 

20 

wherein for this example R^ is a 2-iiaphthyl moiety. 

10 

^ ^,Ar^lM-tei^-butoxvcarlM>nvI-JNP' -r3-S-r4-fi-(imphthalen 
methoxYlpiperidiii-2-vnp mpvngnaiiidine (20) 

Preparation of N-a)z-4-anyl-2^-dmydro-lJ5r-pyridin-4-one (14): To a solution of 4- 
1 5 melhoxypyridine (50 mL, 0.492 mol) in toluene (1 L) is added benzyl chlorof ormate (70.3 mL, 
0.492 mol) at 0 **C The resultmg mixture is stiixed at 0 **C for 30 minutes then cooled to -75 "^C 
and allyl magnesium chloride (295.5 mL, 0.591 mol) is added. The solution is held at -75 °C for 
4 hours and allowed to warm to 0 ''C at which pomt a solution of 20% HQ is added to quench the 
reaction. The organic layer is isolated and purified over silica gel to yield the desired product. 

20 

Preparation of N-Cbz-2-S-aUylpiperidin-.4-one (15): To a solution of i\^Cbz-6-allyl- 
23-dihydro-ljff-pyridin-4-one, 14, (34.2 g, 0.126 mole) in HOAc (238 mL) at room temperature, 
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is added zinc dust The solution is lefluxed for 30 minutes, cooled to loom tenqieratnre, and the 
solids aie removed by filtration flirough Celite. The pioduct is'isolated by work-up for neutral 
product 

5 Preparation of iV-C%z-2^-anyl-4-j;-hydn>xypiperi^^ To a solution of iV-Cbz- 

2-S-aUylpiperidin-4-one, 15, (34.2 g, 0.125 mol) in THF (700 mL) at 10 **C is added K-selectride 
(135 mL, 0. 150 mol). After 5 minutes the reaction is quenched witti water (60 mL). Work-iq) for 
neutral product yields the desired material which is purified over silica gel. 

1 0 Preparation of ^^C%z-2-5-anyl-4-£-(naphthalene-2-ylmethoxy)piperidine (17): To a 

solution of iV-Cbz-2-S-alIyl-4./2-hydrQxypiperidine, 16, (22.1 1 g, 0.08 mol) in DMF (300 mL) at 0 
°C is added 60% NaH (4.2 g, 0.103 mol). After stirring 30 minutes, 2-<bromomethyl)- 
naphthalene (21.3 g, 0.096 mol) is added and the reaction is stirred 24 hours at room temperature 
after which the reaction is cooled to 0 *C and quenched by the addition of water. Work up for 
1 5 neutral followed by purification over silica gel yields the desired product. 

Preparation of A^Oiz-2-S-(3-hydroxy)propyI-4-J?-(naphthalene-2-yImethoxy)- 
piperidine (18): To a solution of iV-(az-2-5-aUyl-4-/?-(naphthalen-2-yljDQethoxy)piperi 17, 
(1.59 g, 3.83 mmol) in THF (39 mL) at 0 **C is added boranemiF (4.2 mL, 4.221 mmol) and the 
20 reaction is allowed to warm to roomteixq)erature over 30 minutes. The reaction is quenched with 
water then 3M NaOH (2.4 mL), and 30% hydrogen peroxide (2.4 mL). Work up for neutral 
followed by purification over silica yields the desbced product 

Preparation of iV^'-Di4&rr-biitoxycarbon]d-iV'M3nS-[4-jI-(naphtlia^ 
25 mefh037>iV-Cbz-piperidin-2-yl]propyl}guanidine (X9): To a solution of //-Bbc-2-S-(3- 
hydroxy)propyl-4-l?Knaphtiialene-2-ylmethoxy)-piperidine (4.96 g, 11.89 mmol), 
triphenylphosphine (3.74 g, 14.26 mmol), and l,3-bis(te/r-butoxycarbQnyl)guanidine (3.7 g, 14.27 
mmol) in THF is added diisopropyl azodicarixjxylate (2.81 mL, 14.27 mmol) at a tenqjerature of 
less than 3 °C The solution is allowed to warm to room temperature, quenched by the addition of 
30 water, worked up for neutral product tiien purified over siUca gel to yield the desired product 
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H H 20 



Preparation of AyV'-DWtfi*-butoxycarbonyl-iV''-[3-S44^^ 
methoxy)piperidiii-2-yl]propyl}gua]]idme (20): A suspension of A;iY'-Di-ter/-butoxycarbonyl- 
5 Ar*-[3nS44-/f-<naphthalene-2-yl-methoxy)-iV^-Cbz-pipOT 19, (9.05 g, 

13.43 mmol), pyridine (1.06 gm,13.42 nunol) and 10% Pd/C (4.5 g) in methanol (120 niL) is 
hydrogenated at room tenqperatuie. The solids are removed by filtrati(xi and the lesuldng residue 
after concentration is purified over silica gel to yield the desired product 

The piperidine synthetic intermediate having the foimula: 




can be prepared by substituting benzyl bromide for 2-(bromomethyl)naphthylene under the 
conditions described herein above for the preparation of confound 17. 

15 EXAMPLES 

2-Acetylamino-iV-{ l-(4-fluorobenzyl)-2-[2-(3-guamdinopropyl)-4-(naphthalene-2- 
yhnethoxy)piperidin-l-yl]-2-<)xo-ethyl}-3-(4-hydroxyphenyl)propionamid 

Preparation of [2-[2-[3-(]Sr^*-di-^e/t.butpxycarbonylguanidino)propyl]-4- 

20 naphthylen-2-ylmethoxy)piperidin-l-yl]-l<4-fluorobeiizyl)-2-oxo-ethyl]carb^ add 9ff- 

fluoren-9-ylmethyl ester (21): To a solution of iV;iV'-di-tert-butoxycarbonyl-Ar'-[3-iS-[4-J?- 

(naphthalene-2-yl-methoxy)piperidin-2-yl]propyl}guanidine, 20, (0.41 g, 0.759 mmol), AT-Pmoc- 

(4-fluoro)phenylalanine (0.339 g, 0.836 mmol), and diisopropylethylamine (0.529 niU 3.036 

mmol) m dichloromethane is added PyBroP (0.707 g, 1.517 mmol) at -20 ""C The solution is held 

25 at -20 for 24 hours after which the solvent is removed in vacuo and the resulting residue 

purified over silica gel to yield the desired product 
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Preparation of N^-di-l&/t-buto}7carbon]i-N'M3-[142-amino-3K4^ 
&uorophenyl)propionyl]-4-(naphthylen-2-yImetho3Qr)piperi^^ 

A solution of [2-[2-[3-(N' J^r'-di-/c7t4)utoxycarbonylguanidmo 

ylinethoxy)piperidm-l-yl]-H4-fluQrobenzyl>2K)xo-e%l]carb^ acid 9ff-fluoien-9-yl-infithyI 
est^,21, (0. 122 g, 0.132 nmol) and piperidine (0.25 mL) in dichloiomethane is stined at room 
ten5)erature for 30 noinutes. Concotitration in vacuo affords the crude product which is purL&ed 
over silica gel. 

Preparation of 2-acetylaimno-Ar-[^[^(3-N'^^di-te/t-butoxycarbonylguanid^^ 
propyI]-4-(naphthyIen-2-ylmethoxy)-piperidin-l-yl]4-(4-flnoroben2yl).^ 
hydroxyphenyOpropionamide (23): To a solution of NJ^-di-/m-butoxycarbonyl->r'-{3-[l«[2- 
amino-3K4-fluorophenyl)pK)pionyl]-4-(naphthylen-2-yhnethoxy)^^ 

guanidine, 22, (77 mg, 0.109 mmol), iV-acetyl tyrosine (29.3 mg, 0.131 mmol) and l^hydroxy- 
beozotriazole (31 mg, 0.162 nunol) in DMF (2 mL) at 0 *t is added l-(3-dimetfaylanmiopropyl)- 
3-ethylcarbodiimide hydrochloride. The solution is stirred at 0 ''C for 2 hours tli^ partitianed 
between ether and aqueous bicarbonate, the organic phase is dried, concentrated in vacuo and 
purified over silica gel to yield the desired product 

Preparation of 2-Acety]aniino-[l-(4-fluorobenzyl-2-[2-[3-giianidino)propyl]^ 
(naphthylene-2.yInieliioxy)-piperidm-l-yl]-2-oxoethyl]^^ 
(24): To a solution of 2-acetylamino-iV-[2-[2r[3-N' ja'''^-tert-bmoxycaibQnYlguanidi^ 
propyl]-4<naphdiylen-2.ylmethoxy)^iperidin4-yl]-H4-fluoToben2y 
hydroxyphenyl)propionamide, 23, (55 mg, 0.06 mmole) in dichlOTomefliane (2 mL) is added 
trifluoroacetic acid (0.3 mL) and the solution is allowed to stir at room temperature for 7 hours. 
Concentration and purification over silica gel affords die desired product. Analog 107, fiom Table 

n. 

Another category of receptor ligand analogs according to the present invention relates to 
conformationally restricted rings conqaising the 5-ketdpiperazme scaffold having the 
formula: 
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Z 



wherein the carbon indicated with an asterisk can have any configuration. Table HI relates to 
non-limiting examples of analogs comprising a first aspect of this category, said analogs having 
the formula: 




wherein R, R^ R^ R*, and are defined m Table m. 



TABLEm 



No. 


R 




R^ 




R^ 


121 


phenyl 


-NHCOCH3 


H 


benzyl 


b^izyl 


122 


4-c]iIoro[diienyl 


-NHCOCH3 


H 


benzyl 


benzyl 


123 


4-fluorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


124 


3,4-difluorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


125 


phenyl 


-NHCOCH3 


H 


2-imidazolylmiethyl 


benzyl 


126 


4-chlorophenyl 


-NHCOCIfe 


H 


2-imidazolylmethyl 


benzyl 


127 


4-fluorophenyl 


-NHCOCHs 


H 


2-imidazolylmethyl 


benzyl 


128 


3,4-difluorophenyl 


-NHCOC313 


H 


2-unidazoIylmethyl 


benzyl 


129 


phenyl 


-NHCOC313 


H 


4-imidazolylnaethyl 


benzyl 


130 


4-chlorophenyl. 


-NHCOCH3 


H 


4-imidazolylmethyl 


benzyl 


131 


4-fluorophenyl 


-NHCOCH3 


H 


4-imidazolylniethyl 


benzyl 


132 


3,4-difluorophenyl 


-NHCOCHa 


H 


4-imidazolylinethyl 


benzyl 


133 


phenyl 


-NHCOCEIs 


H 


4-fluorobenzyl 


benzyl 


134 


4-chlorophenyl 


-NHCOCHs 


H 


4-fluorobenzyl 


benzyl 


135 


4-fluorophenyl 


-NHCOOii 


H 


4-fluorobenzyl 


benzyl 
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136 


3,4-difluQroplienyI 


-NHOOCH3 


H 


4-fluorobenzyl 


benzyl 


137 


phenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


138 


4-chlorophenyl 


-NHOOCH3 


H 


4-hydroxybenzyl 


benzyl 


139 


4-fIu(»:ophenyl 


-NHOOCHa 


H 


4-hydroxybenzyl 


benzyl 


140 


3,4-difluoiophenyl 


-NHOOCH3 


H 


4-hydroxybenzyl 


benzyl 


• 141 


phenyl 


-NHGOCH3 


H 


4-chloFobenzyl 


benzyl 


142 


. 4-chlorophenyl 


-NHCXKH3 


H 


4-chlorobenzyl 


benzjd 


143 


4-fluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


benzyl 


144 . 


3,4-difIuorophenyl 


-NHCOCH3 


H 


4-chlacobenzyl 


benzyl 


145 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


146 


4-chloiophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


147 


4-fluorophenyl 


-NHCXXai3 


H 


4-acetoxybenzyl 


benzyl 


148 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


149 


phenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylmethyl 


150 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylmethyl 


151 


4-fluorophenyl 


-NHCX)C3l3 


H 


benzyl 


2-n^hthyhnethyl 


152 


3,4-difluorophenyl 


-NHCX)CH3 


H 


benzyl 


2-naphthylmethyl 


153 


phenyl 


-NHCOCH3 


H 


2-ijmdazolylmethyl 


2-naphthyhnetfayl 


154 


4-chIorophenyl 


-ISIHCOCH3 


H 


2-imidazolylinethyl 


2-naphthylniethyl 


155 


4-fluorophenyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


2-naphthylmethyl 


156 


3,4-difluQrophenyl 


-NHCOCH3 


H 


2-kDidazolylmethyl 


2-naphthyhnethyl 


157 


ph^yl 


-NHCOCH3 


H 


4-imidazolyhnethyl 


2-naphthylmethyl 


158 


4-chlorophenyl 


-NHCOCH3 


H 


4-imidazolyhnethyl 


2-naphthylmethyl 


159 


4-fluorophenyl 


-NHCOCH3 


H 


4-iniida2olyhnethyl 


2-naphtfaylmethyl 


160 


3,4-difluorophaiyl 


-NHCOCH3 


H 


4-imida2olylinethyl 


2-naphthyhnethyl 


161 


phenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthylmethyl 


162 


4-chlorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthyhnethyl 


163 


4-fluorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphfliylmethyl 


164 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthylmethyl 


165 


phenyl 


-NHCX)CH3 


H 


4-hydroxybenzyl 


2-naphthyhnethyl 


166 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyI 


2-naphthyhnethyl 


167 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthyhnethyl 


168 


3,4-difluoiophKiyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthyhnethyl 
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169 




-NHCOCH3 


H 


4-chloroben2yl 


2-naphthylmethyl 


170 


4-cliIoiophaiyl 


-NHCOCH3 


H 


4-chlarobenzyl 


2-naphthylmethyl 


171 


4-fluoiophenyl 


-NHCXJCHs 


H 


4-chloroben2yl 


2-naphthylinethyl 


172 


3,4-difluoFopbenyl 


-NHC0C3I3 


H 


4-chloFoben2yl 


2-naphthylmethyl 


173 


phenyl 


-NHCX)CH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


174 


4-chloropheayl 


-NHC0C3Ia 


H 


4-acetoxyben:^l 


2-naphthyhiiethyl 


175 


4-fluorophenyI 


-NHCOCH3 


H 


4-acetDxybenzyl 


2-naphthylmethyl 


176 


3,4-difltiaiophenyl 


-NHCX)CH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


177 


phenyl 


H 


H 


benzyl 


2-naphthylmBthyl 


178 


4^Morophenyl 


H 


H 


benzyl 


2-aaphthylmethyl 


179 


4-flttQrophenyl 


H 


H 


benzyl 


2-naphthylmBthyl 


180 


3,4-difluoitophenyl 


H 


H 


benzyl 


2-iiapbthyhnBthyl 



Hie fdlowmg is an outline of a synthetic piathway for pieparmg analogs 121-180, 
however, other embodiments of the S-ketopiperazme scaffold can be prepared using modijGications 
to this general scheme. 



NHBoc 



NHBdc 



00 o 

Reagents and conditions: (a) acetic anhydiide/pyridine, rt. 



10 



NHBoc 



(jK3% NHBx 



o o 
Reagents and conditions: (b) 0,N-dimethyIh>roxylamine, HOBt, BDCI, N-methylmoipholine, DMF, 0 ""C 



<j)Cfib NHBoc NHBoc 



Reagents and comSdons: (c)LAH.THF,-tiO'^ 
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Reagents and conditions: (d) NaBH(0Ac)3, DMF, 0 to iL 




Regents and conditions: (f) TFA/CHaCl}, it 
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Reagraits and conditions: 0) iV-acetyl-anoino acid, EDO, HOBt, DMF. 





Reagents and conditions: (k) Ifc. Pt02, MeOH. 

PREPARATION OF S-KBTOPIPERAZCNE INTERMEDIATE 
The followmg is a procedure for preparing the S-fcetopiperazine intennediate having the 



fomnda: 



10 
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whetein for this example is a 2-iiaphthylmeaiyl moiety. 

3-S-r4-f2-Naphthalcn-2-vlethvlV5»oxo-piDcrazin-2-vllDroDioiiitr^ 

5 Preparatioii of 2-iV-(teif-butoxycarbonyl)aimiio-4-cya]iobataiioic add (25): A flask is 

charged with iV-te/t-butoxycarbonyl glutamine (24,6 g, 100 mmol), acetic anhydride (112 g, 110 
imnol) aad pyridine (180 mL), The mixture is.stiired for 18 hours then concentrated in vacuo. 
The residue is partition between EtOAc and water and the organic layer is washed several times 
with a citric acid solution, then with sat NaQ. The organic phase is dried and concentrated in 
1 0 vacuo to afford the desired product which is used without further purification. 

Preparation of 3-cyano-l-(methoxymethylcarbamoyl)propyl] carbamic add tert^ 
butyl ester (26): A solution of 2-Ar-(rcrf-butoxycarbonyl)amino-4-cyanobutanoic acid, 25, (22.8 
g, 100 mmol), OJ^-dimethoxy-hydroxylanrine hydrochloride (10.6 g, 110 mmol), 

1 5 hydroxybenzotriazole (16.2 g, 120 mmol), and iV-methylmorpholine (132 mL, 120 nmiol) in DMF 
(150 mL) is cooled to 0 °C and H3-dimethylammopropyl)-3-ethylcarbodiimide (24.9 g, 130 
romol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then allowed to warm 
and stir at room temperature another 2 hours, the reaction solution is diluted with water and the 
resulting solid is collected by filtration, re-dissolved in EtOAc and extracted witii water, dried and 

20 concentratedm voofo to afford a residue wMch is triturated with diethyl eth^^ 

white solid which is collected by filtration. The product is sufficientiy pure for use witiiout 
furth^ purification. 

Preparation of 2-S-iV-Boc-amuio-4-cyanobutyraldehyde (27): To a solution of 3- 
25 cyano-Hinethoxymethylcarbamoyl)propyl] carbamic acid thrt-bntyl ester, 26, (27.1 g, 100 
mmol) in 500 mL of THF at -30 to -25 is added LAH (100 mL of a IM solution ^ 
over about 10 mmutes and the reaction is ihm cooled to -SS and the stirring is continued for 3 
hours. Aiier coolmg to -60 ^C, the reaction is quenched by die addition of dtric acid m methanol 
(1:1 by weight). During quenchirig the teinperature is inaintained at about -45 ^C. The mixture is 
30 then allowed to warm to room teiiq)erature and partitioned between EtOAc and water and the 
water phase extracted again with EtOAc. The organic phases are combmed and washed with sat 
NaCl, dried and concentrated in vacuo to afford the crude aldehyde which is used without further 
purification. 
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Preparation of 3-5-^^Boc<lInino-4-(2-Ilaphfhalen-2*ylefllylaI^ (28): 
The cacude alddiyde 2-^-iV^Boc-aimno-4K:yanobutyraldeh 27, is dissolved in DMF (200 mL) 
and a solution of 2-^iaphthylethyl anrine (17.1 g, 100 mmol) in 125 mL of DMF is added. Tlie 
solution is cooled to 0 **C and sodium triacetoxyborohydride (42.4 g, 200 mmol) is added. The 
5 suspension as stilled at 0% and aUowed to wann over 2 hours to loom teiiq)ei^^ A saturated 
aqueous solution of sodium bicarbonate is added until the evolution of gas stops. The solution is 
extracted with diethyl eOxGr, dried and concentrated to afford tiie crude product which is purified 
over silica gel. 

1 0 Preparation of 3-S-^-Boc-amino4-[(2-cmoroacetyl-2-naphtl^alen-2-ylefllyO 

butylnitrile (29): To a solution of 3-5-//-Boc-ainino-4-(2-naphthaIen-2-yletiiylamino)- 
butyhiitrile, 28, (36.8 g, 100 mmol) and triethylamine (27.8 mL, 200 mmole) in dichloromethane 
(500 mL) held at 0 ""C is added dropwise chloroacetyl chloride (14.7 g, 130 mmole). The 
resulting solution is held in an ice bath for an additional hour, the solution concentmted in vacuo 

1 5 and the crade material is purified over siUca gel. 

Preparation of 3-5-aiuino-4-[(2-€Uoroacetyl-2-naphthalen-2-ylethyl)anunoI- 
butylnitrile (30): A solution of 3TS-iV-Boc-amino-4-[(2-chloroacetyl-2-naphthalen-2- 
ylefliyl)amino]butyhiitrile. 29, (44.4 g, 100 mmol), trifluoroacetic arid (50 mL), and 
20 dichloromethane (500 mL) is stirred at room temperature for 30 minutes and then concentrated in 
vacuo. The cmde product can be used without further purification. 

Preparation of 3-^-[4<2-naphttialen-2-yIeaiy0-5-oxo-pipera2an-2-yl]propionit^^ 
(31): 3-S-ainino4-[(2K:Moroacetyl-2-naphthalen-2-ylefliyl)ainino]-buty trifluoroacetic 
25 add salt, 30, (45.8 g, 100 mmol) is taken up in dichloromethane 1000 mL and pyridine (50 mL) is 
added. Hie solution is stirred at room t6nq)erature for 24 hours and is then concentrated in vacuo. 
The resulting crude product is purified over silica gel to afford the desired product as the 
trifiuoroacetate salt 

30 EXAMPLE4 

2-AggtY!flminiwA r-l2-r2-(3-aminoproDvn-4-f2-naDthalen-2-vlethvlV5-oxo-D^^ 
benzvl-2-oxo-ctfavn-3-f4-hvdroxvphenvnpropionainlHp( ^) 
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Preparation of [2-[2-2-cyanoethyl)-4-(2-MphthaIeii-2-ylettiyI)-5-oxo-^^ 
l-(4-fluorobenzyl>2-oxo-ethyl]carbamic add ^^-butyl ester (32); To a solution of S-S-lH^r 
n^hthalen-2-ylethyl)-5-oxo^)iperazm-2-yl]propiom trifluoroacetic add salt, 31, (42.1 g, 100 
mmol), (R)-2-iV^(^err-butoxycarbonyl)ammo-3-(4-fluorophen^^ add (34.0 g, 120 

5 mmol), 1-hydroxybenzotriazole (16.2 g, 120 mmol), and iV-methylmorpholine (132 mL, 120 
mmol) in DMF (150 mL) is cooled to 0 °C and H3-dimefliylaminopropyl)-3-ethylcarbodiimide 
(24.9 g, 130 mmol) is slowly added. The lesulting mixture is stirred for 2 hours at 0 "^C then 
allowed to warm and stir at room temperature another 2 hours. The reaction solution is diluted 
with water and the resulting solid is collected by filtration, re-dissolved in EtOAc and extracted 
1 0 with water, dried and concentrated in vacuo to afford a white foaming residue. 

Preparation of 3-[l-[2-amino-3-(4-fluorophenyl)propionyl]-4-(2-naphthalen-2- 
ylethyl)-5-oxo-pipera2ln-2-yl]-'propiomtrile (33): A solution of [2-[2-2-cyanoethyl)-4-(2- 
naphthalen-2-ylethyl)-5K)xo-piperazin-l"yl]-H4-fluorobenzyl)-2K3xo-e&^^ acid tert- 

15 butyl ester, 32, (57.2 g, 100 mmol), trifluoroacetic acid (50 mL), and dichloromethane (500 mL) 
is stirred at room temperature for 2 hours and then concentrated in vacuo. The cmde product is 
dissolved in dichloromethane and the organic layer washed with saturated sodium bicarbonate, 
dried, and concentrated in vacuo. The desired product is obtained in 94% yield. 

20 Preparation of 2-acetylamino-iV^[2-[2-(2-cyanoethyl)-4-(2-naphthaleii-2-y^ 

oxo-piperazln-l-yl]a-(4-fluorobenzyl)-2-oxo^tliyr|-3-(4-hydroxyph^ 
To a solution of 3-[l-[2-amino-3<4-fluorophenyl)pK)pionyl]-4-(2-naphthalOT-2-ylethyl^^ 
pipOTazin-2-yl]propionitrile, 33, (47.2 g, 100 mmol), AT-acetyl-L-tyrosine (22.3 g, 120 mmol), 1- 
hydroxybenzotriazole (16.2 g, 120 mmol), and Ar-methyhnorpholine (132 mL, 120 mmol) m DMF 

25 (150 mL) is cooled to 0 and l-(3-dimethylaminopropyl)-3-ethylcaibodiimide (24.9 g, 130 
mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 ®C then allowed to warm 
and stir at room temperature another 2 hours. The reaction solution is diluted with water and the 
resulting solid is collected by filtration, re-dissolved in EtOAc and extracted with water, dried and 
concentrated in vacuo to a£ford die crude product which is purified over silica gel. 

30 

Preparation of 2-aGetylamino-iV42-[2-(3-aiiiinoefhyD-4-(2-Daphtba^^ 
oxo-pipera2an-l-yIH-(4-nuorobcnzyl)-2K)xo-elhyl]-3-(4-hy^ 

To a suspension of 2-acetylammo-//-[2-[2<2-cyanoethyl)-4-(2-naphthalen-2-yle%^^ 
pipera2in-l-yl]-H4-fluarobenzyl)-2-oxo-etiiyl]-3-(4-hydroxyphenyl)-^ 34, (57 mg) 
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and PtOi (11 mg of 20% by weight) in methanol (3 mL) is added one drop of cone. HQ. Hie 
solution is hydrogenated at 45 psi for 1.5 hours. The catalyst is removed by jBltration and the 
filtote is concentrated m vacuo to afford the final product which is purified by prep HPLC using 
aeetonitrile:TFA:water to yield 26 mg. This corresponds to analog 167 from Table EL 

Another aspect of this category of receptor ligand analogs relates to confomiationally 
restricted rings con^rising the 5-ketq)iperazine scaffold having the formula: 



1 0 wherem tiie Y unit comprises a guanidino moiety, table III relates to non-limiting examples of 
analogs con:]5)rising a first aspect of this category, said analogs having the formula: 




H 

wherein R, R\ R^ R*. and R' are defined in Table IV. 



NH 

A 



15 



TABLE IV 



No. 


R 


R* 


R' 


R* 


R" 


181 


phenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


182 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


183 


4-fluOTophenyl 


-NHCOCai, 


H 


benzyl 


benzyl 


184 


3,4-difIuQrophenyl 


-NHCOOEi 


H 


benzyl 


benzyl 


185 


phenyl 


-NHCX)Cife 


H 


2-iniidazolyhnBthyl 


benzyl 


186 


4-chIorq>Iienyl 


-NHCOCH3 


H 


2-iinidazoIylmBthyl 


benzyl 


187 


4-fluQrc9henyl 


-NHCOCH3 


H 


2-inaidazolylmeth^ 


benzyl 


. 188 


3,4-difluaropheiiyl 


-NHCX)CH3 


H 


2-in)idazolylmBtI^l 


benzyl 
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189 


phenyl 


-NHCOCH3 


H 


4-iniidazolylmethyl 


benzyl 


190 


4-chlorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


benzyl 


191 


4-fluorcphenyl 


-NHCOCH3 


H 


4-in3idazolylmethyl 


benzyl 


192 


3,4-difluorophenyl 


.NHCOCH3 


H 


4-imidazolylniethyl 


benzyl 


193 


phenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


194 


4-chlQrophenyl 


.NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


195 


4-fluorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


196 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-fluoroben2yl 


benzyl 


197 


phenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


198 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


199 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


200 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


h&azyl 


201 


phenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


benzyl 


202 


4-<:hlorophenyl 


-^fHC0(3fe 


H 


4-chlorobenzyl 


benzyl 


203 


4-fluorophenyl 


-NHCOCH3 


H 


4-chlQrobenzyl 


benzyl 


204 


3,4-difluoiophenyl 


-NHCOCEb 


H 


4-chlorobenzyl 


benzyl 


205 


phenyl 


.NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


206 


4-chlQrophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


207 


4-fluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


208 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


209 


phenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylmethyl 


210 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylmethyl 


211 


4-fluorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthybiiethyl 


212 


3,4-difluorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthyhnethyl 


213 


phenyl 


-NHCOCH3 


H 


2-inridazolylmethyl 


2-naphthylmethyl 


214 


4-chlorophenyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


2-naphthylmethyl 


215 


4-fluorophenyl 


-NHCOCH3 


H 


2-iniidazolylmethyl 


2-naphthyhnethyl 


216 


3,4-difluorophenyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


2-naphthylmethyl 


217 


phenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


218 


4-chlorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


219 


4-fluorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


220 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


221 


phenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthylmethyl 
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222 


4H:blarophen^ 


-NHCOCHs 


H 


4-fluQroben2yl 


2-naphtfay]ii»thyl 


223 


4-fliiaiophenyl 


-NHCOCH3 


H 


4-fluQiobenzyI 


2-iiaphthylinediyl 


224 


3,4-djfiuai:opbenyl 


-NHCOCH3 


H 


4-fluarobeiizyl 


2-iiq>hthy]niethyl 


225 


phraiyl 


-NHCOCHb 


H 


44iydroxybaiz;^ 


2-'naphthylmBthyl 


226 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydr(»cybmzyl 


2-iiaphthylmethyl 


227 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydroxybaizyl 


2-naphtbylmBthyl 


228 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-hydroxyb»izyl 


2-napbthylmBthyl 


229 


phenyl 


-NHCOCH3 


H 


4-chlor6benzyl 


2-iiaplithyImBthyl 


230 


4-cblQrophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphtl)ylnaethyI 


231 


4-fluQrq)heny! 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthylinethyl 


232 


3,4-difIuoFoplKnyl 


-NHCOCH3 


H 


4-chloroben2yl 


2-naphtliylme(hyI 


233 


phenyl 


-NHCOCH3 


H 


4-acetoxybeii2yl 


2-naphthylmetfayl 


234 


4-chlorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


235 


4-fluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyI 


2-naphtfaylmethyl 


236 


3,4-difluorophenyl 


-NHCX)CH3 


H 


4-acetoxybenz^ 


2-naplitbyliiiBth^ 


237 


phenyl 


H ^ 


H 


ben^l 


2-aaphthyhnetI^l 


238 


4-chlorophenyl 


H 


H 


benzyl 


2-naphlhyInii^l^ 


239 


4-fluorophenyl 


H 


H 


boizyl 


2-naphthylmBthyl 


240 


3,4-difluQrophenyl 


H 


H 


benzyl 


2-miplithyhiiBtbyl 



The following is an outline of a synthetic pathway for preparing analogs 181-240 
beginning with a synthetic intermediate which can be prepared in a manner similar to the 
compound described in Example 3, analog 167 above. 

5 
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Reagents and conditiras (b) TFA:a%Cl2> it 



EXAMPLES 

2'AcetvIamipo-'iV-r2-r2-f3"TOanidmoDropvlV4-(2-naphthalen"2-vlethvD-5H)xo«p^ 
Tn"l»(fluorobepzvl)-2"Oxo-ethvl1'3-(4"hydroxvphenYl)*Dropionainide (37) 

Preparation of 2-acetylaiDino-iV-[2-[2-[3-(N'^'-di-Boc-guaiu 
naphthalen-2-ylethyl)-5-oxo-piperarin4-yl]4-(4-fluorobeii2yl)-2-oxo^^ 
hydroxyphenyOpropionamide (36): Mercury(II) chloride (10.3 mg, 0.038 nmx>l) is added to a 
solution of 2-acetylanimo-iV-[2-[2-(3-4unmoethyl>4K2-M^ 

yl]-l-(4.fluorobenzyl)-2-oxo-ethyl]-3-<4-hydroxyphenyl)propio 35, (26 mg, 0.038 nunol), 
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13-bis(tert-butQxycaAonyl)-2-methyl-2-^qpse^^ urea (11 mg, 0.038 mmol) and triethylaimne 
(21 DL, 0. 1 52 mmol) in dry DMF (2.0 mL) and the reaction mixture is stirred at 0 °C for 1 hour. 
The reaction mixture is then dfluted with EtOAc, filtered through a pad of CeKte, and the filtrate 
is concentrated in vacuo to afford the crude product as an oil. The crude isolate is purified over 
5 siKca gel (Ofcai/methanol, 14:1) to afford 35 mg of the desired product as a white soKd. 

Preparation of 2-acetylainincH^-[2-[2-(3-gQanidinopropyI)-4-(2-naphthaIen-2- 
ylethyl)-5-oxo-piperazin4-yl]-l-(4-fluorobenzyl)-2-oxo^thyl]-3-(4^^^ 
propionamide (37): A solution of 2-acetylamino-Ar-[2-[2-[3^' jr-di-Boc-guanidino)prppyl]- 
10 4<2-naphthalen-2"ylethyl)-5K)xo-piperaziii-l-yl].l-(4-fluorobenzyO^^ 

hydroxyphenyI)-propionamide, 36, (35 mg, 38 mmol), ttifluoroacetic acid (1 mL) and 
dichloromethane (2 mL) is stirred at room tenq)erature for 5 hours. The solution is concentrated 
in vacuo and the crude product purified over silica gel (acetonitriIe:TFA:water) to afford 24 mg 
(86 % yield) of the final product which corresponds to analog 227, Table IV. 



Another category of receptor ligand analogs according to the present invention relates to 
conformationally restricted rings comprising the 3-keto-piperazme scaffold having the formula: 



z 

20 whmin die carbon indicated with an asterisk can have any configuration. TableVrelates to non- 
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limiting exan5)les of analogs conqwising a first aspect of this category, said analogs having flie 
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wheidn R, R^ R'. R^ and R' are defined in Table V. 



TABLE V 



No. 


R 


R' 


R^ 


r 




241 


phenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


242 


4-chlorophaiyl 


-NHCOCH3 


H 


benzyl 


benzyl 


243 


4-£Iaoroph6nyI 


-NHCOCH3 


H 


benzyl 


benzyl 


244 


3,4-difluarophenyl 


-NHCOCH3 


H 


ben^l 


benzyl 


245 


phenyl 


-NHCOCH3 


H 


2-imidaz61ylmethyl 


benzyl 


246 


4-chlorophenyl 


-NHCOCH3 


H 


2-imidazolylinethyl 


brazyl 


247 


4-fluorophenyl 


-NHCOCH3 


H 


2-iniidazolyhiiethyl 


benzyl 


248 


3,4-difIuorophenyl 


-NHCOCH3 


H 


2-imidazolylmBthyl 


benzyl 


249 


phenyl 


-NHCX)CH3 


H 


4-imidazolyhnBthyl 


benzyl 


250 


4-chlQrophenyl 


-NHCOCHj 


H 


4-iimdazolylmethyl 


benzyl 


251 


4-floonqdiiBnyl 


-NHOOCSk 


H 


4-iniidazolylmethyl 


benzyl 


252 


3,4-difluoropheayl 


-NHCOCH3 


H 


4-imidazolylmethyl 


benzyl 


253 


phenyl 


-NHCOCH3 


H 


4-fluorobaizyl 


benzyl 


254 


4-chlorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


255 


4-£luorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


256 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


257 


phenyl 


-NHC0ai3 


H 


4-hydroxybenzyl 


benzyl 


258 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


259 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydioxybenzyl 


benzyl 


260 


3,4-djfIuorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


261 


phenyl 


-NHCOCH3 


H 


4-chlorobsDzyl 


benzyl 


262 


4-chlorophenyl 


-NHCOCH3 


H 


4-chlQrobenzyl 


benzyl 


263 


4-fluorophenyl 


-NHCOCH3 


H 


4-chlQrobenzyl 


benzyl 


264 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


benzyl 


265 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


266 


4-chlorophrayl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


267 


4-fluoroph«iyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


268 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxybeiizyl 


benzyl 


269 


phenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylniethyl 
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270 


4-clilQrophenyl 


-NHCX3C3I3 


H 


benzyl 


2-naphthylmethyl 


271 


4-fluorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylDaethyI 


272 


3,4-difluorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthyhiiethyl 


273 


phenyl 


-NHCX)CH3 


H 


2-inudazoIyIn^yI 


2^phthylmethyl 


274 


4-chlorophenyl 


-NHCX)C3l3 


H 


2-iniidazolylniethyI 


2-naphthylinethyl 


275 


4-fluorophenyl 


-NHCOCH3 


H 


2-iiiiidazolylniethyl 


2-iiaphthyImetfayI 


276 


3,4-difluorophenyl 


-NHCJOCHj 


H 


2-iniidazolylnietfayl 


2^aphthylnisthyl 


277 


phenyl 


-NHCOCH3 


H 


4-iniidazolylinethyl 


2-naphthyhnethyl 


278 


4-chlorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


279 


4-fluoropheayl 


-NHCOCH3 


H 


4-inudazolylmethyl 


2-naphthyIniediyl 


280 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-in3idazolylmetibyI 


2HaaphthyhQethyI 


281 


phenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthyl]X)ethyl 


282 


4-chlorophCTyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-n^hthylniediyl 


283 


4-fluorophenyl 


-NHCOCH3 


H 


4-fluoroben2yl 


2-naphthylxnethyI 


284 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthylinethyl 


285 


phenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylmethyl 


286 


4-<:hlorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylinethyl 


287 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-n^hthylmethyl 


288 


3,4Klifluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthyhnethyl 


289 


phenyl 


-NHCX)CH3 


H 


4-chlQrobenzyl 


2-naphthyhnethyl 


290 


4-chlorophenyl 


-NHCOCHs 


H 


4-chlQrobenzyl 


2-naphthylinethyl 


291 


4-fluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthylmethyl 


292 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthylmethyl 


293 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 




4-cmorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


295 


4-fluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


296 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


297 


phenyl 


H 


H 


benzyl 


2-naphthylmethyl 


298 


4-chlorophenyl 


H 


H 


benzyl 


2-naphthylmethyl 


~799 


4-fluorophenyl 


H 


H 


benzyl 


2-naphthylmethyl 


300 


3,4-difluQrophenyl 


H 


H 


benzyl 


2-naphthylmethyl 
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The following is an outline of a synthetic pathway for preparing analogs 241-300, 
however, other embodiments of the piperazine scaffold can be prqpaied using nobodifications to 
this general scheme. 




Reagents and conditions: (a) EDO, HOBt, DMF. 




Reagents and conditions: (b) TFA:CH2a2 JEfeO. (c) 2-nitrosulfanyl chloride. TEA, CH2CI2, 0 "C to it 

10 
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Reagents and conditions: (d) BiCHjCEtBr. iq^CC^, DMF; 55 ''C. 




Reagents and conditions: (e) p-tbiophraud. KjCO,. acetonitiilc; rt 
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Reagents and conditians: (f) EDCI, HOBt, DMF. 




PREPARATION OF 3-KETOPIPERAZINE INTERMEDIATE 
The following is a procedure for pzepaiing the 5-ketopiperazine intennediate having the formula: 
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10 



15 



42 

wherein for this exai^ple R' is a 2-naphthyl moiety. 

2-r3-(3-Benzvl<«vcftrliftiivli>mtn«p».pyi)--> m^o.pin^^^^^,,.^ 
3-naphthalftn-2-vl-nrftnir>ii xc add mathy ' f^**) 

Preparation of 2.(S.;v.a«-anuno-2-iV.Boc.amin<^pentenoylaiii^ 
yl-propionic add methyl ester (38): A solution of l-amino-3^hlhalen-2-yI propionic acid 
methyl ester (22.9 g. 100 nmK,l), 54)enzyloxycarfaonylamino-2-rert-butoxycarix)nyIaniino- 
pentanoic acid (33.6 g, 100 mmol). hydroxybenzotriazole (16.2 g. 120 mmol). and N- 
methylmorpholine (132 mL. 120 mmol) in DMF (150 mL) is cooled to 0 "C and l-{3- 
dimethylaminopropyl).3-ethylcarbodiimide (24.9 g. i30 mmol) is slowly added. The resulting 
niixtureisstiriedfor2hoursat0»CthenaUowedtowaxmandstiratroomten^ra^ 
hours. TheieactionsolutionisdilutedwithwaterandtheresuItingsoMiscollectedbyffltrat^ 
le-dissolved m EtOAc and extracted with water, dried and concentrated « vacuo to afford a 
residue which purified over silica geL 



Preparation of 2^2.amino.5.iV-Cbz.amino-pentaBoylamino).3.M^^ 
propionic add methyl ester (39): 2<5-iV-Cbz«anmo-2-iV-Boc^oi«ntanoylamino).3- 
20 "^lrthalen-2.yl-propionicaddmethylest«:,38.(6.0g.l0.3mmd)isdiM^^^ 
solution prepared from 2:1:0.1 parts of diddoionBthane TFA and wat^^ 
stined for 3 hours. The solvent is removed in vacuo and the residue treated with U- 

dicWoromethane wWch is also removed in vacuo. This is repeated sevend times ffl^ 
g of the cruderuderesidue which is used for the next stq) without further puriBcaliDn. 

25 

Preparation of ^[5-A^-Cbz-aniino.2.(2.nitr«.benaaiesuIfonylamlno). 
pentanoylaniino]-3.naphthalen.2.yl propionic add methyl ester (40): 2<l,axmi-5~N-Cbz. 
amino-pentanoylamino)-3-naphthalen.2-yl-propionic acid methyl ester. 39. is dissolved m 
dichloromethane (200 ml), triethylamine (0.5 ml) and the solution cooled m an ice-bath, o- 
30 Nitrosulfonyl diloride (4.5 g. 20.6 mmol) is added and stirring is continued with coolmg for 1 
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hour and then at room ten5)eratuie for 6 hours. The reaction mixture is treated with IM citric add 
and the solution is extracted with ethyl acetate. The organic layer is washed with a saturated 
aqueous solution of sodium ceabomte and water. The crude material is purified over silica (1:1 
hexanes/ethyl acetate) to afford the desked product (3.6 g). 

5 

Preparation of 2-[3-(3-Benzyloxycarbonylamino-propyl)-4-(2-mtro-benzene- 
sulfonyI)-2-oxo-pipera2jii-l-]i]-3-iiaphthalen-2-yl-propiomc acid methyl ester (41): A 
mixture of 2-[5-benzyloxycarbonylamino-2<2-nitro-benzenesulfonylamino)-pentan^^^ 
naphthalen-2-yl-propionic acid methyl ester, 40, (2.4 g, 3.63 mmol), dibromoethane (3.8 mL, 436 
1 0 mmol), potassium carbonate (5.0 g, 36.3 nomol) in DMF (50 mL) is stkred at 55°C for 18 hours. 
The reaction mixture is cooled to room temperature, treated with IM KHSO4 and the resulting 
solution is extracted with ethyl acetate. The crude product is purified over silica (sequential 
elution with EtOAcAiexanes mixtures 1:2, 1:1, 100% EtOAc, then EtOAc with 5% MeOH) to 
afford 2.76 g of the desired product. 

15 

Preparation of 2-[3-(3-iV-benzyloxycarbonylaminopropyI)-2-oxo-piperaan-l-yl]-3- 
naphflialen-2-yl-propiomc acid mefliyl ester (42): A mixture of 2-[3-(3-benzyloxycarbonyl- 
amino-propyl)-4K2-nitro~benz»nesulfonyl)-2-K)xo-piperazm-l-yl]-3-^ 

acid methyl ester, 41, (1.9 g, 2.8 mmol), p-thiophenol (1.6 g, 12.4 mmol) and K2CO3 (2.3 g, 16.6 
20 mmol) in acetonitrile (10 ml) is stirred at room temperature for 18 hours. The reaction mixture is 
then concentrated tn vacuo and the resulting residue is treated with IM HQ (10 ml^ The 
aqueous phase is extracted with aOAc and purified over silica (sequential elution with 
EtOAc/hexanes mixture 1:1, 100% EtOAc, then EtOAc with 5% MeOEQ to afford 2.58 g of the 
deshed product. 

25 The 3-Icetcq>iperazineintenDediatehavmg the formula: 




can be prepared by substituting phenylalanine methyl ester for l-amino-3-naphthalen-2-yl- 
propionic acid methyl ester in the synthesis of compound 38 described herein above. 
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EXAMPLE6 

2-r4-r2-r2*Acetvlaiiiino-3-f4-hvdroxvDhcnYD-DroDionvl «Tn^ii»>^ 
f4-fluoroDhenYl)Dit)Pi onvl1-3-f3-aminQpi^p ^)-2-oxO"Pin ftr»^^ 
5 iiaphthalen«2"Vl-propiftnflmifie (44) 

Prepai^tion ar2-[4-[2[2^acet}4aniino-3-(4-hydroz^ 
fluorophenyl)propionyQ-3-(3-iV-Cbz-aimnopn>pyO*2-ox 

propionic add methyl ester (43) : A solution of 2-[3-(3-iV^Cbz-aminopropyl)-2-<5XOi)ipMazm-l- 
1 0 yl]-3-naphthalen-2-yl-propionic acid methyl ester, 42, (50.4 g, 100 mmol), 2-[2-acetylamino-3-(4- 
hydroxyphenyl)-propionylammo]-3<4-fluorophenyl)propiomc acid (38.8 g, 100 mmol), 
hydroxybenzotriazole (16.2 g, 120 mmol), and N-methylmorpholine (132 mL, 120 mmol) in 
DMF (150 mL) is cooled to 0 °C and l-(3-dimethylaminoopropyl>-3-ethylcarbodiimide (24.9 g, 
130 mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 °C then allowed to 
1 5 warm and stir at room temperature another 2 hours. The reaction solution is diluted with water 
and the resulting solid is collected by filtration, re-dissolved in ROAc and extracted with water, 
dried and concexitrated in vacuo to affotd a residue which purified over silica gel. 

Preparation of 2-[4-[2-[2-acetylaniino-3-(4-hydroxyphenyl)propionylamino]-3-(4- 
20 flaorophenyl)propionyQ-3-(3-*aniinopropyt^2-oxo-piperazin-l-yI]- 3-naphthaIeii-2-yl- 
propionic add methyl ester (44): A solution of 2-[4-[2[2-^etylamino-3-(4-hydrQxyphenyl)- 
propionylamino]-3K4-fluorophenyl)propionyl]-3<3-iV-<^ 

3-naphthaIen-2-yl-piopionic add methyl ester, 43, (8.74 g, 10 mmol) is suspended m methanol 
(100 ml) and hydrogenated in the piesence of 10% Pd/C at 40 psi for 16 hours. The solution is 
25 filtered to remove the catalyst and the crude product is purified on a preparative HPLC using a 
linear gradient of acetonitrile in water with 0.1% TFA to afford the desired product corresponding 
to analog 287 of Table V. 

Anoth^ itmtion of this category of receptor ligand analogs relates to analogs having the 
30 formula: 
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wheran R. R^ R\ R*. and R' are defined in Table VL 



TABLE VI 





R 


r'' 


R^ 


R* 


R** 


mjyJX 


phenyl 


-mcocHi 


H 


ben^l 


benzyl 


302 


4-chlorophenyl 


-NHCXXHa 


H 


benzyl 


benzyl 


303 


4-fIuoiophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


304 


3,4-difluorophenyl 


-NHCXX3?j 


H 


benzyl 


benzyl 


305 


phenyl 


-NHCOCH3 


H 


2-UDidazolylniethyl 


benzyl 


306 


4-chlorophenyl 


-NHCOCH3 


H 


2-inudazolylniethyl 


benzyl 


307 


4-fluQrophenyl 


-NHCOCH3 


H 


l-imidazolylniethyl 


benzyl 


308 


3,4-diflufflophenyl 


-NHCOOJj 


H 


2-mudazolylniethyl 


benzyl 


309 


phenyl 


-NHCX)CHi 


H 


4-iixiidazolylmBthyl 


benzyl 


310 


4-cl]lorq>heayl 


-NHCOCH3 


H 


4-imidazolylinediyl 


benzyl 


311 


4-fluorophenyl 


-NHCOCH3 


H 


4-imidazolylnietbyl 


benzyl 


312 


3,4-difluoroplienyl 


-NHCOCH3 


H 


4-in]idazolylmethyl 


benzyl 


313 


phenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


314 


4-dilotophBnyl 


-HHCOOh 


H 


4-fluorobenzyl 


benzyl 


' 315 


4-fluorophenyl 


-NHCOCH3 


H 


4-fluoiobenzyl 


benzyl 


316 


3,4-diflu(»ophenyl 


-NHCOCH3 


H 


4-fluorobenzyl 


benzyl 


317 


phoayl 


-NHCOCH3 


H 


4-hydroxybenzyl 


b^izyl 


318 


4-chlorophrayl 


-NHCOCH3 


H 


4-hydroxybenzyl 


ben^l 


319 


4-fluoropbenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


benzyl 


320 


3,4-difluQcophenyl 


-NHCOCH3 


H 


4-hyclroxybenzyl 


benzyl 


321 


phenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


benzyl 
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322 


4-chlorophenyl 


-NHCOCH3 


H 


4<hlQrobenzyl 


benzjd 


323 


4-fluQrophenyl 


-NHCOCH3 


H 


4-chLQiobenzyl 


benzyl 


324 


3,4-difluQropheDyl 


-NHCOCH3 


H 


4-chlorobeQzyl 


benzyl 


325 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


326 


4-chIoFophenyl 


-NHOXHa 


H 


4-acetaxyben^l 


benzyl 


327 


4-fluorqphenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


328 


3,4-difluQix^henyI 


-NHCOCH3 


H 


4-acetC0cybenzyl 


benzyl 


329 


phenyl 


-NHCOCH3 


H 


braizyl 


2-naphthyhnethyl 


330 


4-chlQipphenyl 


-NHCOCHa 


H 


benzyl 


2-naphthyhnediyl 


331 


4-fluQrophenyl 


.NHCX)CH3 


H 


benzyl 


2-naphthyhnethyl 


332 


3,4-difluQrophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylniethyl 


333 


phenyl 


-NHCOCH3 


H 


2-iniidaz61ylinethyl 


2-iiaphthylniethyl 


334 


4-chlQiophenyl 


-NHCOCH3 


H 


2-iniidazolykDBth]4 


2riiaphthylniethyl 


335 


4-fluorophenyI 


-NHCOCH3 


H 


2-inudazolylinBthyl 


2Hiaphthylmethyl 


336 


3,4-difluQropheQyl 


.NHCOCH3 


H 


2-iinidazolylmethyl 


2-naphthyln)ethyl 


337 


phenyl 


-NHCOCH3 


H 


4-iiBidazolylniethyl 


2-naphthyhnethyl 


338 


4-chlorophenyl 


-NHCOCH3 


H 


4-imidazolylmethyl 


2-naphthylmethyl 


339 


4-fluorophenyl 


.NHCOCH3 


H 


4-iimdazolylmethyl 


2-naphthylniethyl 


340 


3,4-difluQrciphenyI 


.NHCOCH3 


H 


4-inudazolyliDBthyl 


2-naphthyhnethyl 


341 


phenyl 


.NHCXX3I3 


H 


4-fluorobenzyl 


2-naphthyfanethyl 


342 


4-chlQrophenyl 


-NHCOCH3 


H 


4-fluarobenzyl 


2-naphthylniethyl 


343 


4-fluorophenyI 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthyhnethyl 


344 


3,4-difluorophenyl 


^NHCOCHa 


H 


4-fluorobenzyl 


2-naphthyhnethyl 


345 


phenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthyhnethyl 


346 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylmethyl 


347 


4-fluQrophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylmethyl 


348 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylinethyl 


349 


phCTiyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthyhnethyl 


350 


4K:hlorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthyhnethyl 


351 


4-fluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthylmethyl 


352 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthyhnethyI 


353 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthyhnethyl 


354 


4-chlorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthyhnethyl 
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355 


4-fluorophenyl 


-NHCXDCHa 


H 


4-acetoxybeiizyl 


2-naphthylmethyl 


356 


3,4-difluoiophenyl 


-NHCOCH3 


H 


4-acetoxybeii2yl 


Z-naphthylmethyl 


357 


44iydroxyphenyl 


-NHCOCH3 


H 


2-imidazolyIiiiBthyl 


2riiaphthylmethyl 


358 


4^ydioxyphenyI 


-NHCXJCHa 


H 


4-fluarobeiizyl 


2-naphthylniBlliyl 


359 


4^ydroxyphenyl 


-NHCXJCHj 


H 


4-hydn)]^baizyl 


2-iiaphtliylmethyl 


360 


4^ydroxyphenyl 


-NHCOCH3 


H 


4-clilaiDben2yl 


2-iiaphthyliiietbyl 



The following is an outline of a synthetic pathway for preparing analogs 301-360, 
however, other embodiments of the 3-ketopipetazine scaffold can be prepared using modifications 
to. this g^eral scheme. 

5 




Reagents and conditions: 0^) BocNHC(SCH3)=NBoc, Hga2> rt 
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NHBoc 




Reagents and conditions: (i) TFA:CH2Cl2, rt; 



EXAMPLE? 

5 2-r4-r2-r2-A ^^laTninn -3-f4-hvdroxvDhcnvI)Diy >pgnnYlflmin o1-^^ 

3-(3-mmmdinoproDvD"2-oxo-piDerazm-l"Yl-proDiomc add methvl ester (46\ 

Preparation of 2-[4-[2-[2-Acet7lainino-3-(4-hydrox]^henyl)pro^ony 
fluorophenyl)propion]^-3-(3-N^'-bis(r«rr"biitoxycarte 
1 0 piperazin-l-yl-propionic add mefliyl ester (45): Mecciiiy(II) chloride (5.7 g, 12 mmol) is 
added to a solution 2'-[4-[2-[2-acetylaixuno-3K4-hy(ho}cyphenyl)p^ 
fluQFopbenyI)propionyl]-3K3-aininopropyl>2K>xo-pipeiazm 

add methyl ester, 44, (7.4, 10 mmol), l,3-fais(/^rt-butoxycaifoonyl)-2-methyl-2-thiopseiido urea 
(2.9 g, 10 mmol) and triethylamine (4.2 mL, 30 mmol) in dry DMF (100.0 mL) and the reaction 
15 mixture is stirred at 0 ®C for 1.0 hour. The reaction niixture is then diluted withEtOAc, filtered 
through a pad of Celite, and the filtrate is concentrated in vacuo to afford the crude product The 
crude isolate is purified over silica gel (CHzClT/methanol, 14: 1) to afford the desued product 

Preparation of 2-[4-[2-[2-Acetylammo-3-(4-hydroxyphenyl)propionylamino]-3-(4- 
20 fluorophenyI)propionyI]-3^(3-guanidinopropyI)-2-oxo-piperazin-l-yI-propionic add methyl 
ester (46) A solution of 2-[4-[2-[2-Acetylamino-3-(44iydroxyphenyl)propionylamino]-3-(4- 
fluQrophenyl)propionyl]-3K3-A/iA^'-bis(^firt-butoxycarbonyl)guanidinopropyl^^ 
yl-propionic add methyl ester, 45, (10.4 g, 10 mmol), trifluoroacetic add (5 mL), and 
dichloromethane (SO idL) is stibcred at room temperature for 2 hours and th^ concentrated in 
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vacuo. The cnide product is dissolved in dichloiomethane and the organic layer washed with 
saturated sodium bicarbonate, dried, and concentrated in vacuo to afford the deshed product 

Anoflier iteration of this category relates to analogs wherein R*® is a -CONH2 unit which 
provides receptor ligands having the formula: 




wherem R, R^ R^ R*. and R* are defined in Table VH or receptor Ugands having the fonnula: 




wherein R, R'. R'. R*. and R' are defined in Table VIIL 



TABLE Vn 



No. 


R 


R^ 


R^ 


R* 


R*' 


361 


phenyl 


-NHC»CH3 


H 


benzyl 


benzyl 


362 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


363 


4-fluorqphenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


364 


3,4-difluorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


365 


phenyl 


-NHCOCH3 


H 


2-miidazolybnethyl 


benzyl 


366 


4-cblorophenyl 


-NHCOCH3 


H 


2-miidazolylinethyl 


benzyl 
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367 


4-fluocopheayl 




H 


2-iimdazolylQ)ethy 


benzyl 


1 368 


3,4-djfluospphenyl 


-mCOCHa 


H 


2-iinidazolyliDethyl 


'beazyl 


1 369 


phenyl 


-NHCOOfe 


H 


4-imidazolylniethyl 


benzyl 


r 370 


4-cIiloioplieayl 


-NHC30C313 


H 


4-iimdazolyIiDethyl 


benzyl 


371 


4-flaatDphCTyl 


-mCOCHi 


H 


4-imidazolylmetlQrl 


heaazyl 


372 


3,4-difluoiq>li»iyl 


-mcocHi 


H 


4-iimdazolyliDBtbyl 


haayl 


373 


phenyl 


-NHCOCH3 


H 


4-fliiQrobaizyl 


benzyl 


374 


4-chlaiophaayl 


-NHCOCH3 


H 


4-fluaiobaizyl 


beaizyl 


375 


4-fluorophaiyl 




H 


4-fluQrob«i2yl 


benzyl 


376 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-fluQrobQDzyl 


benzyl 


377 


phenyl 


-NHCXXMa 


H 


4-hydio;^ben2yl 


benzyl 


378 


4-chlorophenyl 


-NHCOCH3 


H 


4-hydiDxybeiizyl 


benzyl 


379 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydroxybeDzyl 


benzyl 


380 


3,4-di£lu(nx>phenyl 


-NHCOCH3 


H 


4-hydnH^benzyl 


benzyl 


381 


phmyl 


-NHCOOij 


H 


4-chlorobenzyl 


benzyl 


382 


4-chlorophenyl 


-NHCOCH3 


H 


4-chloroben2yl 


benzyl 


383 


4-fluorophenyl 


-NHCOOHj 


H 


4-chlQiobenzyl 


benzyl 


384 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-chlQi6ben^l 


benzyl 


385 


phraiyl 


-NHCOCH3 


H 


4-acetQxybeazyl 


bCTzyl 


386 


4-chloiophenyl 


-NHCOCH3 


H 


4-acetoxyben;qrl 


benzyl 


387 


4-fluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


ben^l 


388 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxybenzyI 


benzyl 


389 


phenyl 


-NHCOCH3 


H 


boizyl 


2-naphthylinethyl 


390 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthyIniethyl 


391 


4-fluorophenyl 


-NHCX)CH3 


H 


benzyl 


2-naphthylinethyl 


392 


3,4-difluorophenyl 


-NHCX)CH3 


H 


ben^l 


2-Daphthylinethyl 


1 393 
h 394 


phenyl 


-NHCOCH3 


H 


2-imidazolyliDethyl 


2-naplithylinethyl 




4-chlorophenyl 


-NHCOCH3 


H 


2-iinidazolylmethyl 


2^phthylinethyl 


395 


4-fluorophenyI 


-NHCOCH3 


H 


2-imidazolylmethyl 


2-naphthylniethyl 


1 396 


3,4-difluorpphenyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


2-naphtliyIinethyl 


397 


phenyl 


-NHCOCH3 


H 


4-Lmidazolylinethyl 


2-naphthylnaethyl 


398 


4-chlcrophenyl 


-NHCOCH3 


H 


4-iinidazolylmethyl 


2-naphthylmethyl 


399 


4-fluorophaiyl 


-NHCOCH3 


H 


4-imidazolytiDethyl 


2-naphthyhnethyl 
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400 


3,4-difluoiX)phenyl 


-NHCOCHs 


H 


4-inudazolylmemyl 


Z'U&pnuiyiUldJUljrX 


401 


phenyl 


-mOCKSk 


H 


4-fluorobenzyl 


ZHDutpninyiniwuiyi 


402 


4-chlQrpphenyl 


-NHCXOb 


H 


4-fluorobenzyl 


z-Bapuinyinieuiyi 


403 


4-fluQrophenyl 


-NHCOCH3 


H 


4-fluoroben2yl 


z-napntD.yinjeuiyi 


404 


3,4-difluorophffliyl 


-NHCOCH3 


H 


4-fluorobenzyl 


z-napnthyuneuiyi 


405 


phenyl 


.NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylniethyl 


406 


4-chloroph«Dyl 


-NHCXOfe 


H 


4-hydroxybeiizyl 


ZHiapntnylnoietnyl 


407 


4-flaarophenyl 


-NHCXXH3 


H 


4-hydroxybenzyl 


2-naphthylmethyl 


408 


3,4-diflaocophaiyl 


-NHCX)CH3 


H 


4-hydroxybenzyl 


2-napntuylnieuiyi 


409 


ph«iyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphthylinethyl 


410 


4-dilorqphenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


2-naphtnylrDemyl 


411 


4-fluorophenyl 




H 


4-chlQrobenzyl 


2-naphthylinethyl 


412 


3,4-diflaraxipbniyl 


-^DHCCX3^3 


H 


4-chlorobeDzyl 


2-naphthylniethyl 


413 


phoiyl 


-NHCOCH3 


H 


4-acetoxyben:^l 


2-naphthylinetnyl 


414 


47chloiDphenyl 




TI 

XI. 


4-acetoxYbenzYl 


2-naphthylniethyl 


415 


4-fluorq[>hBnyl 


-NHCOCH3 


H 


4-acetoxybeDzyl 


2-naphthylmethyl 


416 


3,4-difluQcophenyl 


-NHC0CH3 


H 


4-acetoxyben2yI 


2-naphthyhnethyl 


417 


4-hydio3^h«iyl 


-NHC0CH3 


H 


2-iniidazolyhnethyl 


2-naphthyhnethyl 


418 


4-hydroxyphenyl 


-NHC0ai3 


H 


4-fluorobenzyl 


2-naphthylinethyl 


419 


4-hydroxyphenyl 


-NHCOCH3 


H 


4-hydroxybenzyl 


2-naphthylinethyl 


420 


4-hydroxyphenyl 


-NHCOOfe 


H 


4-chlorobenzyl 


2-naphthylmethyl 



TABLE Vm 



No. 


R 




R^ 


R' 


R' 


421 


phenyl 


.NHCOCH3 


H 


benzyl 


benzyl 


422 


4-chlQrophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


423 


4-fluorophenyl 


-NHCOCH3 


H 


benzyl 


benzyl 


424 


3,4-difluorpphenyl 


-NHCX)CH3 


H 


benzyl 


benzyl 


425 


phenyl 


-NHCOCH3 


H 


2-imida2olylmethyl 


benzyl 


426 


4-chlorophenyl 


-NHCOCH3 


H 


2-inddazolylmethyl 


benzyl 


427 


4-fluoiqphenyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


benzyl 


428 


3,4-difluoroplienyl 


-NHCOCH3 


H 


2-imidazolylmethyl 


benzyl 


429 


phenyl 


-NHCOCH3 


H 


4-mudazolylmethyl 


benzyl 
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430 


4-clilorophenyl 


-NHCOCH3 


H 


4-iinidazolyIiiiBdiyl 


benzyl 


431 


4-fla(»opIienyl 


-NHCOOfe 


H 


4-ijaiidazolyImetfayl 


benzyl 


432 


3,4-difiiioiophenyl 


-mCOCRi 


H 


4-imida2olyln)etl^l 


bensyl 


433 


pheayl 


-NHCOCHj 


H 


4-fluQr6ben2yl 


benzyl 


434 


4-chlcropheiiyl 


-NHCX>CHi 


H 


4-fluorobem7l 


benzyl 


435 


4-fluaropheDyl 


-NHCCX3I3 


H 


4-fluoroibai^l 


boi^l 


436 


3,4-difluoropheayl 


-NHC0C3i3 


H 


4-£hiorobenzyl 


ben^l 


437 


phenyl 


-NHCOCH3 


H 


4-hydioxybenzjd 


beni^l 


438 


4-chlorophenyl 


-NHCOCH3 


H 


4-faydn»^benzyl 


boizyl 


439 


4-fluorophenyl 


-NHCOCH3 


H 


4-hydK»cyben^l 


benzyl 


440 


3,4-difiuoropheiiyl 


-NHCOCH3 


H 


4-hydiQxybenzyl 


boizyl 


441 


pfaffliyl 


-NHCOCH3 


H 


4-chlQrobenzyl 


benzyl 


442 


4-dilorapbenyl 


-NHCOCH3 


H 


4-chlorobenzyl 


benzyl 


443 


4-fluQiDphmyl 


■NHCOCHi 


H 


4-chlorob©Q2yl 


benzyl 


444 


3,4-diiluoropIienyl 


-NHCOCH3 


H 


4-chlarobenzyl 


benzyl 


445 


phenyl 


-NHCX>CH3 


H 


4-acetoxyben^l 


ben^l 


446 


4-chlorophenyl 


-NHCOCH3 


H 


4-acetQxybenzyl 


brazyl 


447 


4-fluorophBnyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


benzyl 


448 


3,4-difluorophenyl 


-NHCOCH3 


H 


4-acetoxyben2yl 


benzyl 


449 


phenyl 


-NHCOdt 


H 


benzyl 


2-naphthyhnethyl 


450 


4-chlorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylniethyl 


451 


4-fluorophenyl 


-NHCOCH3 


H 


benzyl 


2-naphthylmBthyl 


452 


3,4-difluorophenyl 


-NHCX)CH3 


H 


benzyl 


2^phthyhnBthyl 


453 


phenyl 


-NHCOCH3 


H 


2-unidazolylmeth>4 


2-naphthyhnethyl 


454 


4-chlorophenyl 


-NHCOCH3 


H 


2-unida2X)lyImethyl 


2-naphthyhnBthyl 


455 


4-fluorophenyl 


-NHCOCH3 


H 


2-imidazolyhnethyl 


2Hiaphthylniethyl 


456 


3,4-difluoiophenyl 


-NHCOCH3 


H 


2-unidazolylniethyl 


2-ni^hthyhnethyl 


457 


phenyl 


-NHCOCH3 


H 


4-unidazolyIiDBthyl 


2-naphthyhnethyl 


458 


4-chlorophenyl 


-NHCOCH3 


H 


4-unidazolyhiiethyl 


2-naphthyhnethyl 


459 


4-fluorophenyl 


-NHCOCH3 


H 


4-umdazoIylniediyl 


2-naphthyhnethyl 


460 


3,4-difluoTophenyl 


-NHCOCH3 


H 


4-iniidazoIylmethyl 


2-naphthyhnetfayl 


461 


phenyl 


-NHQOCH3 


H 


4-fluorobenzyl 


2-naphthyhDBtfayl 


462 


4-chlorophenyI 




H 


4-fluorobenzyl 


2-nq>hdiyhiiBthyl 



83 



wo 02/085925 



PCTAJS02/13340 



463 


4-fluorophenyl 


-NHOOCH3 


H 


4-fluoiobeDzyl 


2HiaiAthylmBtbyl 


464 


3,4-difluorophenyl 


-NHOOOIa 


H 


4-£Iu(Hroba;>zyl 


2-napbthylmBttiyl 


465 


phenyl 


-NHCOCH3 


H 


4^ydioxybenzyl 


2-])a^tfaylmethyl 


466 


4-chloiopheayl 


-NHCX)CH3 


H 


4-hydroxyb«izyl 


2-naphthylinBttiyl 


467 


4-fluorophenyl 


-NHCOCHa 


H 


4-hydToxybenzyI 


2-naphthyIniethyl 


468 


3,4-difluoiopbenyl 


-NHC50CH3 


H 


4-hydioxybenzyl 


2-iiaphthylmelhyl 


469 


phenyl 


-NHCOOEfc 


H 


4-chlQrobeiizyl 


2-naphthyhi)Blfayl 


470 


4-chlc»»phenyl 


-NHCOCH3 


H 


4-chlogcobenzyl 


2-naphthyliDBthyl 


471 


4-fluaroph«Diyl 


-NHCOCH, 


H 


4-chlor6beiizyl 


2-ni^hthyhiiediyl 


472 


3,4-diflaoTophenyl 


-NHCOCH3 


H 


4-chl(aobQizyl 


2-n{9hthylmethyl 


473 


phenyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-oaphthylmethyl 


474 


4K:hl(xophrayl 


.NHCOCH3 


H 


4-acetoxyhenzyl 


2-naphthylmethyl 


475 


4-fluarophaiyl 


-NHCOCH3 


H 


4-acetoxybenzyl 


2-naphthylmethyl 


476 


3,4-difIuorophen^ 


-NHCOCH3 


H 


4-acetoxybeazyl 


2-naphthylmethyl 


477 


44iydiQxyphenyl 


-NHCOCHs 


H 


2-iinidazolylniBthyl 


2-naphthyliDethyl 


478 


4-hydroxyplien^ 


-NHCOCH3 


H 


4-fluorobenzyl 


2-naphthylmBthyl 


479 


4-hydioxypheayl 


-NHCXX313 


H 


4-hydroxybenzyl 


2-naphfbyImethyl 


480 


4-hydiaxyphBnyl 


-NHCOCH3 


H 


4-cblorobeiizyl 


2-naphthylniethyl 



The following is an outline of a synthetic pathway for pi^aiing analogs 361-420. In flie 
foUowmg scheme R' is 2-naphthyhnethyl, however, other embodiments of this piperazme 
scaffold can be ptq>aied uang modifications to this general scheme. For exanqjle, when 
phenylalanme is substituted for l.ammo-3-naphthalen-2-yl propionic acid in the synthesis of 
compound 38, the result is analogs whradai R' is boizyL 




Reagents and conditions: (a)IiOH,0'*C. 
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(XT- (XT 

^ COja, R 0QNHCE6 

Reag^tsandcondiCions: (b) NBbCa%, PyBOP, rt 



NHCte 



or- ^ 

« 00NB3% OONHC^ 
Reagents and conditiotis: (c)TFA/C%a2,tt 



NHOb 



Reagents and condidons: (d) HOBl, EDO. N-mefliyJjnoipholine. DMF, 0 




OCT' 



^ CX)Nfc — 
Reagents and conditioiis: (e) H2, 10% Pd/C; MeOH. 
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EXAMPLES 

7,4-p-p.Ar<>tYlflmino-3-r4>hvdrQxvDhenvnpropionvla 
^■(■^-nniinnnrnnvn-2-OXO-Pipera!rin-l-vlVN-methvl-3-^ 

5 

Preparation of 2^3-(N-ab2-aniinoprop34)-4-I2-iV-Boc-aniino-M 
propionyl-2-oxo-piperaziii-l-yI)-3-iiaptlialen-2-yl propionic add (47): A nuxtuie 2-[5-iV-Cbzr 
amino-2-<2-iV-Boc-amino)pentanoylaimno]-3-napW acid methyl ester (0.755 

g, 1 nunol) in THF (15 nil) is cooled in an ice-bath and treated with a solution of liOH (0.12 g, 5 
10 mmol) in water (7.5 ml). The solution is stined for 1 hour at O^C then allowed to wann to room 
teEq)erature and stir an additional 3 hours. Thereacti(Miistiiendiluted with water (30 ml), cooled 
in an ice-bafli and acidified with IM HQ to pH 3-4. Hie resulting solution is extracted witii 
EtOAc. The organic phase is dried and concentrated m vacuo to afford 0.58 g (75%) of the 
desired product 

15 

Preparation of {3-[l-[2-iV-Boc-anaflno-3-(4-fluorophenyl)propionyl]-4-(l- 
mettiylcarbamoyl-2-naphthalen-2-ylethyl)-3-oxo-piperazin-2-yl]propylH:arb^ 
benzyl ester (48): To a mixture of 2-{3-(iV-Cbz-aminopropyl)-4-[2-//-Boc-ammo-3-(4- 
fluorophenyl)-propionyl-2-oxo-piperazin-l-yl)-3-napthalen-2-yl propionic acid, 47, (0.6 g, 0.77 

20 mmol), 2 M methylamine (3 ml), in DMF (15 mi) is added benzotiiazole-l-yl-oxy-tris- 

pyrrolidinol-phosphonium hexafluorophosphate (PyBOP) (0.6 g. 1.15 mmol). The solution is 
stibnred for 18 hours then diluted with water (80 ml) and the solution extracted with EtOAc. The 
organic phase is dried, concentrated in vacuo and the resulting crude product is purified ovct 
silica gel (EtOAc/hexanes 1:3. followed by 1:1 and 10% metiianol m EtOAc) to afford 0.56g of 

25 the desired product. 

Preparation of {3-[l-[2-anMno-3-(4-fluorophenyl)propionyl]-4-(l-methylcaurbamoyl- 
2-naphtyalen-2-ylethyl)-3-oxo-piperazin.2-yl]propyI}-carbamic acid benzyl ester (49): A 
solution of 3-[l-[2-iV-Boc-ammo-3<4-fluorophenyl)propionyl]-4-(l-methylcarb^ 
30 naphthalen-2-ylethyl)-3-oxo-piperazm-2-yl]propyl}-carbaniic acid benzyl ester, 48, trifluoroacetic 
add (50 mL), and dichloromethane (500 mL) is stirred at room temperature fca: 2 hours and then 
concentrated in vacuo. The crude product is dissolved in dichloromefliane and the organic layer 
washed with saturated sodium bicarbonate, dried, and concentrated in vacuo to afford the desired 
product 
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Preparation of {3-[l-[2-[2-acetyIaiiiino-2-(4-hydroxyphenyl>2-acet^^ 
fluorophenylpropi6nyI]-4-(l-metfaylcarbamoyI-2-]iaphthyIen-2^^ 

yl]prbpyl}-carbamic acid benzyl ester (50): {3-[l-[2-anano-3K4-fluarophenyl)propionyl]-4-(l- 
5 ]iietiiylcaibanu}yl-2-naphtyalm-2-ylethyl)-3K)XO-pipe]:^^ }-caiban3ic acid benzyl 

ester. 49, (66.8 g, 100 mmol), N-acetyl-L-tyrosine (26.8 g, 120 xmnol), 14iydioxybenzotriazole 
(16.2 g, 120 nunol), and N-methylmoiphoIiiie (132 coiL, 120 nunol) in DMF (150 mL) is cooled to 
. 0 °C and lK3Hliinethylanimooprppyl)-3-ethylcaibodiimid^ (24.9 g, 130 nmool) is slowly added. 
The resulting mixture is stined for 2 hours at 0 °C then allowed to warm and stn: at room 
1 0 temperature another 2 hours. The reaction solution is diluted with water and the resulting solid is 
collected by filtration, re-dissolved in EtOAc and extracted with water, dried and concentrated in 
vacuo to afford the desned conqpound. 

Preparation of 2-4-[2-[2-acetylaniino-3-(4-bydroxypheny])propionylaniino]-3-(4- 
15 fluorophenyl)propionyl]-3-(3-aminopropyl)-2-oxo-piperazuai-l-yl>iV-methyl-3-naphthalen-2- 
yl-propionamide (51): {3-[l-[242-acetylammo-2<4-hydroxyphenyl>-2-acetyamino]-3"(4- 
fluon>phenylpropionyl]-4-(l-methylcarbamoyl-2-naphthylen-2-ylethyl)-3-oxo-p^^ 
yl]propyl)-carbamic acid benzyl esta:, 50, (8.59 g, 10 mmol) is suspended in methanol (100 ml) 
and hydrogenated in the presence of 10% Pd/C at 40 psi for 16 hours. The solution is filtered to 
20 remove the catalyst and the crude product is purified on a preparative HPLC wang a linftar 
gradient of acetonitrile iu water widi 0. 1% TPA to afford the desired product, receptor ligand 
analog 457. 

The receptor ligands of the present invention exenq>lified in Table Vm, analogs 421-480 
conq>xise a guamdinopropyl moiety. These analogs can be suitably prqiared by modifying the 
25 procedures which are described herdnabpve for converting ccmipound 35 to conqx)nnd 37. 

Another aspect of the present invmtion rdates to 3-ketopiperazine receptor ligands 
having the formula: 
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whesrein R, R^ R*. R* and R" are defined in Table K herein below. 



tabled: 





R 








R" 


481 

•tOI. 


phenyl 


-NHCCX3fe 


benzyl 


phenyl 


methyl 


482 


4-chlorophenyl 


-NRCOOh 


benzyl 


phenyl 


methyl 


483 


4-fluoiDDhenvl 


-NHCOa% 


benzyl 


phenyl 


methyl 


484 


3,4-difluoiophenyl 


-NHCOCKb 


benzyl 


phenyl 


methyl 


485 


phenyl 


-NHCX)CBb 


2-imidazolyliDethyl 


phenyl 


methyl 


486 


4-chlorophenyl 


-NHCOCHs 


2-iniidazolylmBthyr 


phenyl 


mettiyl 


487 


4-fluorophenyl 


-NHCOOfe 


2-iimdazolylmethyl 


phenyl 


methyl 


488 


3,4-difluoiophenyl 


-NHCOCH^ 


2-imidazolylmethyI 


phenyl 


methyl 


489 


phenyl 


-NHOOOfe. 


4-inudazolylinethyl 


phenyl 


myetbyl 


490 


4-chl(»opheayl 


-NHCJOCa^ 


4-ixmdazolylmetfayl 


phenyl 


methyl 


491 


4-fluorophe&yl 


-NHOOCJfe 


4-iinidazolylmBthyl 


phenyl 


methyl 


492 


3,4-difluoropheDyl 


-NHCOa^ 


4-iiDidazolylmethyl 


phenyl 


methyl 


493 


phenyl 


•NH(X)CH3 


4-fluorobeDzyl 


phenyl 


methyl 


494 


4-chlorophenyl 


-NHCX)CI^ 


4-fluoroben2yl 


phenyl 


methyl 


495 


4-fluocophenyl 




4-£luorobenzyl 


phenyl 


methyl 


496 


3,4-difluorophenyl 


-NHCXOb 


4-fluQrobenzyl 


phenyl 


methyl 


497 


phenyl 


-NHCOCH 


4-hydroxybaizyl 


phenyl 


methyl 


498 


4-chlarophenyl 


'■mcocBi 


4-hydroxybenzyl 


phenyl 


methyl 


499 


4-fluaFOphrayl 


-NHCX)CEfe 


4-hydroxybenzyl 


phenyl 


methyl 


SOO 


3,4-difluorpphenyl 


-NHCX)CH3 


4-hydioxybenzyl 


phenyl 


methyl 


501 


phenyl 


-NHCOCH3 


4-chlorobeD2yl 


phenyl 


methyl 


502 


4-chlorophenyl 


-NHCOCH3 


4-chlorobenzyl 


phenyl 


methyl 
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503 


4-fluorophenyl 


-NHCOCH3 


4-chlorohenzyl 


phenyl 


methyl 


504 


3,4-difluQrophenyl 


-NHCOCH3 


4-chloroben27l 


phenyl 


methyl 


505 


phenyl 


-NHCOCH3 


4-acetoxybenzyl 


phenyl 


methyl 


506 


4-chlorophenyl 


-NHCOCH3 


4-acetoxybaizyl 


phenyl 


methyl 


507 


4-fluoropheiiyl 


-NHCOCaia 


4-acetoxybenzyl 


phenyl 


mettiyl 


508 


3,4-difIuQrqpheiiyI 


-NHCOCH3 


4-acetoxybOTzyl 


phenyl 


methyl 


509 


phenyl 


-NHCOCH3 




2HQaphthylmethyl 


methyl 


510 


4-chlorcq>henyI 


-NHCOCH3 


benzyl 


2-Qaphthyhnethyl 


methyl 


511 


4-fiuorophenyl 


-NHCOC3I3 


benzyl 


2-naphthylinethyl 


methyl 


512 


3,4-difluon)phenyl 


-NHCOCH3 


benzyl 


2-naphthylniethyI 


methyl 


513 


phenyl 


-NHCOCH3 


2-imidazolyhnethyl 


2-naphthybnethyl 


methyl 


514 


4-chlorophenyl 


-NHCOCH3 


2-inxidazolyImethyl 


2-naphthylniethyl 


methyl 


515 


4-fluorophenyI 


-NHCOC3I3 


2-iniidazolyIniethyI 


2-naphthyhnethyl 


methyl 


516 


3,4Hiifluorophenyl 


-NHCOCH3 


2-iiQidazolylrQethyl 


2-naphthylinethyl 


methyl 


517 


phenyl 


-NHCOCH3 


4-imidazolylmethyl 


2-naphthylinethyl 


methyl 


518 


4-chlorophenyl 


-NHOOCH3 


4-iniidazolylmethyl 


2-naphthylinethyl 


methyl 


519 


4-£luarophenyl 


-NHCOCH3 


4-iniidazolylniethyl 


2-iiaphthylxnethyl 


methyl 


520 


3,4-difluorophenyl 


-NHCOCH3 


4-iimdazolyhnethyl 


2-naphthylniethyl 


methyl 


521 


phenyl 


-NHCOC313 


4-fluorobenzyl 


2-naphthyhQQethyl 


methyl 


522 


4-chlorophenyl 


-NHCOCH3 


4-fluorobenzyl 


2-'naphthylrnethyl 


methyl 


523 


4-fluorophenyl 


-NHCOCH3 


4-fluorobenzyl 


2-naphthylniethyl 


methyl 


524 


3,4-difluorophenyl 


-NHCOCH3 


4-fluorobenzyl 


2-naphthylmethyl 


methyl 


525 


phenyl 


-NHCOCH3 


4-hydroxybenzyl 


2-naphthylniethyl 


methyl 


526 


4-chlorophenyl 


-NHCOCH3 


4-hydroxybenzyl 


2-naphthylniethyl 


methyl 


527 


4-fluorophenyl 


-NHCOCH3 


4-hydroxybenzyl 


2-naphthylniethyl 


methyl 


528 


3,4-difluorophenyl 


-NHCOCH3 


4-hydroxybenzyl 


2'-naphthylmethyl 


methyl 


529 


phenyl 


-NHCX)CH3 


4-chlorobenzyl 


2-naphthylmethyl 


methyl 


530 


4-chlorophenyl 


-NHCOCH3 


4-chlorobenzyl 


2-naphthylmethyl 


methyl 


531.: 


4-fluorophenyl 


-NHCOCH3 


4-chlorobenzyl 


2-naphthylmethyl 


methyl 


532 


3,4-difluorophenyl 


-NHCOCH3 


4-chlQrobenzyl 


2-naphthylmethyl 


methyl 


533 


phenyl 


-NHCOCH3 


4-acetoxybenzyl 


2-naphthylmethyl 


methyl 


534 


4-chlorophenyl 


-NHCOCH3 


4-acetoxybenzyl 


2-naphthylmethyl 


methyl 


535 


4-fluQrophenyl 


-NHCX)CH3 


4-acetoxybenzyl 


2-naphthylmethyl 


methyl 
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536 


3,4-difluoiophenyl 


-NHCOCH3 


4-acetoxyben2yl 


2-naphthyliaethyl 


methyl 



The following is an outline of a synthetic pathway for preparing analogs 481-536, 
however, other embodiments of (he 3-ketopiperazine scaffold, for exanqjle, R" equal to ethyl, 
propyl, and the lite can be prepared by using modification to this general scheme. 



00^ 



OH 



00^ 



Reagents and conditions (a): TBDMSd, DMF; 0 to it 




Reagents and conditicms: (c) HOBt» BDCI, N-methyhnoipholine, DMF, 0 ""C. 
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Reagents and conditicms: (f) NH2CH3, PyBOP, it 




Reagents and conditions: (g) p-thiophcnol, K2CQ5, acetonitrile; rt 




Reagents and conditions: (i) tetraibutylammonium fluoride, water, it 
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CONHCli 




OQNBCXb 



Reagents and conditiQns: (j) AcjO* pyridine, DMAP, DCM, it 




Reagents and conditions: (k) TFA, DCM, it 



NBBoc 




Reagents and cwddons: Q) HOBt, EDO, N-mediyimorpholine, i>t/IF, 0 °C 
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Reagnits and conditions: Ca) HOBt. BDCI, N-methylmotiAoline, DMF. 0 "C. 



PREPARATION OF 3-KETOPIPERAZINE INTERMEDIATE 
The foUowing is a procedure for preparing the 3-ketq)iperazine intermediate having the 
formula: 

10 



94 



wo 02/085925 



PCT/US02/13340 



7 




58 



2-l3-r2-ftgr^"Butvldimethvlsaanvloxv)ethvn"2-oxo-Diperizin-l-vlVj^^ 
3-naphthalen"2»Yl"Propionainide (SS) 

5 

Preparation of 2-ammo-4-(teft-butyldiinethylsaanyloxy)butyric acid (52): Imidazole 
(20.4 g, 300 mmol) is added to a solution of homoserine (11 .9 g, 100 mmol) in DMF (100 mL) 
and the solution is stirred 15 minutes then cooled to 0 °C. f^/t-Butyldimethylsilyl chloride (13.7 
g, 9 1 mmol) added and the mixture is stirred for ten minutes at 0 the for 4 hours at room 
1 0 ten^erature. The reaction mixture is poured into water (3 L) and the resultmg solid is collected 
by filtration. The isolated product is dried and used without further purification. 

Preparation of 4-(IM-butyldinieihylsilanyloxy)-2-(2-mtrobenzenesu]fonylam 
butyric add (53): 2-Aiiiino-4-(terr-butyldimethylsilanyloxy)butyric acid, 52, (23.3 g, 10 mmol) 

1 5 is dissolved in a mixtuie of 1,2-dimethoxyetfaane (800 mL), water (800 inL) and K2CO3 (20.7 g, 
150 mmol) and the resulting solution is cooled to 0 ^C, After 15 minutes, 2-iutroben2ylsulfonyl 
chloride (26.6 g, 120 mmol) is added, the cooling bath removed, and the mixture is stined for 18 
hours . The reaction mixture is acidified with IN HQ to a pH of from 3 to 4 and the solution 
extracted several times with EtOAc. The combined organic layers are dried and concentrated in 

20 vacuo and the crude product is purified over silica gel to afford 19.3 g (46%) of the desired 
product ^ 

Preparation of 2-[4-(tert-butyldimetfaylsilanyIoxy)-2-(2-nitrobenzenesi]U^ 
batyrylaniino]-3-naphtfaalen-2-yl propionic add methyl ester (54): A solution of 4^tert' 
25 butyldirnethylsilanyloxy)-2K2-nitrobenzenesulfonylainino) butyric add, 53, (41.9 g, 100 mmol), 
2-amino-3-naphthalen-2-yl propionic acid methyl ester (41.9 g, 100 mmol), 2-amino-3- 
naphthalen-2-yl propionic add methyl ester (22.9 g, 100 mmol), hydroxybenzotnazole (16.2 g, 
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120 mmol), and N-methylmorpholine (132 mL, 120 mmol) in DMF (150 mL) is cooled to 0 "C 
and l-(3-4iniethylaininoopiopyl)-3-ethylcaibodiiniide (24.9 g, 130 mmol) is slowly added. The 
resulting mixture is stiired for 2 hours at 0 "C then allowed to warm and stir at room tenqiwature 
anodier 2 hours. Tbe reaction solution is diluted with water and the resulting solid is collected by 
5 filtration, re-dissolved in EtOAc and extracted with water, dried and amcentrated in vacuo to give 
the crude product which is purified over silica gel to afford 34.7 g (55%). 

Preparation of 2-[3-[2-(tert-butyldimethylsaanyloxy)ethyl]-4-(2-nitrobenzyne- 
sulfony]^2-oxo-piperizln-l-yl]-3-naphtalen-2-yl propionic add methyl ester (55): A mixture 

1 0 of 2-t4<tert-butyldiinethykilanyloxy)-2<2-nitrobenzenesulfoylamino)-butyrylaniino]-3- 

naphthalen-2-yl propionic add methyl ester, 54. (63 g, 100 mmol), 1,2-dibromoethane (10.3 mL, 
120 mmol), potassium carbonate (138 g, 1 md) in DMF (500 ml) is stirred at 55°C for 18 hours. 
The reaction nnxtitte is cooled to room temperature, treated with IM KHSO4 and the resulting 
solution is extracted with ethyl acetate. The crude product is purified over siUca (sequential 

15 elution with EtOAcAiexanes mixtures 1:2, 1:1, 100% EtOAc, then EtOAc with 5% MeOH) to 
afford 50.8 g (77%) of the desired product 

Preparation of 2-[3-[2-tert-butyldimethylsiIanyloxy)ethyl]-4-(2-mtroben2ene- 
siilfonyl)-2-oxo-pippera2an-l-yl]-3-naphthalen-2-yl propionic add (56): A mixture 2-[3-(2- 

20 (tert-butyldimethylsilanyloxy)ethyll-4<2-nitrobenzenesulfonyl)-2-oxo-piperizin4-yU 

naphtalen-2-yl propionic acid methyl ester, 55, (65.6 g, 100 mmol) in THF (1000 mL) is cooled in 
an ice-bath and treated with a solution of LiOH (21 g, 500 mmol) in water (750 mL). The 
solution is stirred for 1 hour at 0 "C then allowed to warm to room ten^erature and stir an 
additional 3 hours.'The reaction is then dihted with water (3 L), cooled in an ice-bath and 

25 acidified with IM HQ to pH 3-4. The resulting solution is extracted with EtOAc. The organic 
phase is dried and concentrated in vacuo to af&jrd 48.2 g (75%) of the desired product 

Preparation of 2-I3-[2-(tert-bulyldimefliylsilanyIaxy)ethyll-4-(2-nitrobenzene- 
suIfonyI)-2-oxo-piperazin-l-yl>N-methyl-3-naphfhalen.2-yl propionamide (57): To a 
30 mixture of 2-[3-[2-tert-butyldimethykilanyloxy)ethyl]-4-(2-nitrobenzene-sulfonyl)-2-oxo- 
pipperazin-l-yl]-3-naphthalen-2-yl propionic acid, 56, (6.4 g. 10 mmol), 2 M methytennne (40 
ml) in DMF PIOO mL) is added benzotriazole-liyl-oxy-tris-pyrrolidinol-phosphonium 
hexafluorophosphate (PyBOP) (7.8 g. 15 mmd). The solution is stirred for 18 hours then diluted 
with water (500 mL) and the solution extracted wifli EtOAc. The organic phase is dried, 
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concentrated in vacuo aad the resulting crude product is purified over silica gel (EtOAc/hexanes 
1:3, followed by 1:1 and 10% methanol in EtOAc) to afford the desired product 

Preparation of 2-{3-[2-(/err-ButyldiniethyIsflanyloxy)ethyl]--2-oxo-piperi^ 
5 methyl-3-naphtfaaIen-2-yl-propionaniide (58): 2-[3-[2-(tert-butyldimethylsilanyloxy)ethyl]-4- 
(2-mtrobenzene-sulfQQyl>2^>xo-pipera2m-l-yl]-JN^n^ prppionamide, 57, 

(6.3 g, 10 nunol), trifiuoroacetic acid (5 mL), and dichloromethane (50 mL) is stirred at room 
tenq)erature for 2 hours and then concentrated in vacuo. The crude product is dissolved in 
dichloromethane and the organic layer washed with saturated sodium hicaiix>nate, dried, and 
10 concentrated in vacuo to afford the desired product. 

EXAMPLE9 

Acetic add 2-ri42-r2"acetvlainino-3-flivdroxvphenvl)proDionvIainino1-3-(4- 
fluorophenvl)propionvIM"(l-methvlcarbamovl-2»naphthalen"2»vlethvl)- 
15 pipera^n -2^vn ethvl ester 

Preparation of 2-[2-(r^rr-butyldiniethylsilanyloxy)ethyI]-4-(l-D[iethylcarbamoyl-2- 
naphfhalen-2-yIethyl)-piperazine-l-carboxyIic add ler^-butyl ester (59): Di-teit-butyl 
dicarbonate (26.2 g, 120 mmol) is added to a stored solution of 2-{3-[2-(r£it-butyldimethyl- 

20 silanyloxy)ethyl]-2K)xo-piperizm-l-yl}-//-methyl-3-napht^ 58, (45.5 g, 

100 mol) and triethylamme (32 mOL, 230 mmol) dissolved in dichloromethane (150 mL) at 0 
The resulting solution is aUowed to wann to room tenq)eratuie and stnied for 4 bom^ The 
solution is then diluted with dichloromethane (100 mL), washed twice with 1 N HQ and twice 
with aq. NaHCOa solution. The organic layer is then dried over Na2S04, filtered and concentrated 

25 in vacuo to give the desired product which is sufBdrady pure for use without purification. 

Preparation of 2-(2-hydro!xyeihyl)-4-(l-metfayIcarbamoyl-2-naphtlialen-2- 
ylethyl)piperazine-l-carboxyIic add tertAmtyl ester (60): A solution of 2^[2-(/6r^ 
butyldirDethylsilanyloxy)ethyl]-4-<l-niethylcarbamoyl-2-naphthalen-2-y^^ 
30 carboxylic acid rcrr-butyl ester, 59, (15.9 g, 23.5 mmol) and 1 M tetrabutylammonium fluoride 
(40 mL) is stirred for 24 hours. The reaction solution is filtered throu^ a pad of silica gel, the 
filtrate is concentrated in vacuo, and the resulting crude product purified over silica gel 
(EtOAc/hexane 1:2, 1:1, then 5% methanol in EtOAc) to afford the desired product 
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Preparation of 2-(2-acetoxyethyl)-4Kl-metbylcarbamoyl-2-iiaphtha^^^ 
pipcrazine-l-carboxyKc add tert-butyl ester (61): A solution of 2-(2-hydroxyethyl)-4Kl- 
methylcarbamoyl-2-naphthalen-2-yle%l)pipMa2me4-cacboxyl^ acid tert-hutyl ester, 60, (4.4 g, 
10 mmol), acetic anhydride (13 mL), pyridine (1 mL) and iV,AWimethyIaminopyridine (0.25 g) in 
5 dicMorometbane (50 mL) is stirred for 1.5 hours. The solution is then extracted with water and 
In HQ. The organic phase is dried, concentrated in vacuo^ and the resulting crude product 
purified over silica gel (EtOAc/hexane 1:3 then 1:1) to afford the desired product 

Preparation of acetic add 2-[4-(l-methylcarbamoyl-2-naphthalen-2-ylethyl- 
10 pipcra2in-2-yl] ethyl ester (62): 2-{2-acet;oxyethyl>4-(l-methylcarbamoyl-2-naphthalen-2- 

ylethyl)-pipera2ine-l-carboxylic acid tert-hntyl ester, 61. (4.8 g, 10 nunol), trifluoroacetic acid (5 
mL), and dichloromethane (50 mL) is stirred at room temperature for 2 hours and then 
concentrated in vacuo. The crude product is dissolved in dichloromethane and the organic layer 
washed with saturated sodium bicarbonate, dried, and concentrated m vacuo to aflford the desired 
15 product 

Preparation of acetic add 2-[l-(2-N-Boc-amino-3-(4-fluorophenyl)propionyl)-4-(l- 
methylcarbamoyl-2-naphthalen-2-ylethyl)piperazin-2-yl]-ethyl ester (63): A solution of 
acetic add 244-(l-methylcarbamoyl-2-naphthalen-2-ylediyl-piperazin-2-yl] ethyl ester, 62, (38.3 

20 g, 100 mmol), hydroxybenzotriazole (16.2 g, 120 mmol), and N-methyhnorpholine (132 mL, 120 
mmol) in DMF (150 mL) is cooled to 0 and H3-diinediylaminopropyl)-3-ethylcarbodiimide 
(24.9 g, 130 mmol) is slowly added. The resultuig mixture is stirred for 2 hours at 0**C then 
allowed to warm and stir at room temperature another 2 hours. The reaction solution is diluted 
wifli watM- and the resulting solid is collected by filtration, re-dissolved in EtOAc and extracted 

25 with water, dried and concentrated in vacuo to afford a residue which purified over silica geL 

Preparation of acetic add 2-{l-[2-ainina-3-(4-fluorophenyl)propionyI]-4-(l- 
methylcarbamoyl-2-naphthalen-2-ylethyl)piperarin-2-yl>ethy^ ester (64): (6.3 g, 10 mmol), 
trifluoroacetic acid (5 inL), and dichloromethane (50 mL) is stirred at room temperature for 2 
30 hours and thra concentrated in vacuo. The crude product is dissolved m dichlorometiiane and tiie 
organic layer washed with saturated sodium bicarbonate, dried, and concentrated in vacuo to 
afford the desired product 
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PreparatioQ of acetic add 2-[l-{2-[2-acetylati]ino-3-(hydroxyphenyl)propionyl- 
a]mno]-3-(4-fluorophenyI)propionyI}-4-(l-methyIcarbamoyI-2-iia^ 
piperazui-2-yI]etfayl ester (65): A solution of acetic acid 2-{ l-[2-aimno-3-(4- 
fluQrophenyl)propionyl]-4Kl-methylcarbainoyl-2-^^ 
5 estOT, 64, (54.9 g, 100 mmol), hydroxybenzotria2sole (16.2 g, 120 mmol), and N- 
methylmoipholine (132 mL, 120 mmol) in DMF (150 mL) is cooled to 0 °C and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide (24.9 g, 130 mmol) is slowly added. The resulting 
mixture is sdrced for 2 hours at 0 **C then allowed to warm and stir at room temperature another 2 
hours. The reaction solution is diluted with water and the resulting solid is collected by filtration, 
1 0 re'dissolved m EtOAc and extracted with water, dried and concentrated in vacuo to afford a 
residue which purified over silica geL 

Another iteration of this category and an iteration of the aspect of the invention, which 
relates to Y units wherein conq)rises -NHt or -OH, encompasses receptor ligands havmg the 
15 formula: 




wherem R, R^ R\ R^ and are defined in Table X herein bdow. 



TABLE X 



No. 


R 






R' 


R'' 


537 


phenyl 


-NHC(0)C3l3 


H 


benzyl 


phenyl 


538 


benzyl 


-NHC(0)CH3 


H 


boizyl 


phenyl 


539 


3-fluorophenyl 


-NHCXOXH3 


H 


benzyl 


phenyl 


540 


4-fluorophenyl 


-1SIHC(0)CH3 


H 


benzyl 


phenyl 


541 


3,5-difluoiophenyl 


-NHC(0)CH3 


H 


benzyl 


phenyl 


542 


4-chlorophenyl 


-NHC(0)CH3 


H 


benzyl 


phenyl 


543 


4-hydiojyphen.yl 


-NHC(0)CH3 


H 


benzyl 


phenyl 
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544 


phenyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


phenyl 


545 


ben^l 


-NHC(0)CH3 


H 


4"iinidazolylinethyl 


phenyl 


546 


3'-fluorophenyl 


-NHC(0)CH3 


H 


4-iimdazolybiiethyl 


phenyl 


547 


4-flaorophenyl 


-NHC(0)CH3 


H 


4-iinidazolyliDethyl 


phrayl 


548 


3,S-difluaropliBayl 


-NHC(0)CHs 


H 


4-iniidazolylinethyl 


phenyl 


549 


4-chloiophenyI 


-NHC(0)CH3 


H 


4-inudazolyliDethyl 


phenyl 


550 


4-hydroxyphenyl 




H 


4-iinidazolyliiiethyl 


phrayl 


551 


phenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


552 


benzyl 


-NHaO)CH3 


H 


4-chlQrobeiizyl 


phenyl 


553 


S-fluon^henyl 


-NHC(0)CH3 


H 


4-chlQrobeDzyl 


phenyl 


554 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-clilQi:obeii2^1 


phenyl 


555 


3,5-^Tiorophenyl 


-NHC(0)CH3 

1 


H 


4-chlQrob&azyl 


phenyl 


556 


4-chlac(q>haiyl 


.NHC(0)CH3 


H 


4-chlorobraizyl 


phenyl 


557 


4-hydro^rphCTyl 


-NHC(0)CH3 


H 


4-cblorobenzyl 


phenyl 


558 


phmyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


559 


benzyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


560 


S-fluoRvhenyl 


-NHC(0)C3l3 


H 


4-hydroxybenzyl 


phenyl 


561 


4-fluQrophenyl 


-NHC(0)CH3 


H 


4-hydroxybeiizyl 


phenyl 


562 


3,5-difluoiropbenyl 


-NHC(0)C3l3 


H 


4-hydroxybeD2yl 


phenyl 


563 


4-chlaiopheayl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


564 


4-hydioxyphrayl 


-NHC(0)CH3 


H 


4-hydroxybenzyI 


phenyl 


565 


phenyl 


-NHC(0)CH3 


H 


h&azyl 


2-naphthyl 


566 


benzyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


567 


3-fluarophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


568 


4-fluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


569 


3,5-difluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


570 


4-chlorophenyI 


-NHC(0)CH3 


H 


benzyl 


z-napuuiyi 


571 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


572 


phenyl 


-NHC(0)CH3 


H 


4-iinidazolylmethyl 


2-naphthyl 


573 


benzyl 


-NHC(0)CH3 


H 


4-iimdazolybnethyl 


2-naphthyl 


574 


3-fluorophenyl 


-NHC(0)CH3 


H 


4-inudazolylinethyl 


2-naphthyl 


575 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-iimdazolyliiiethyl 


2-naphthyl 


576 


3,5-difluorophenyl 


-NHC(0)C3l3 


H 


4-iniidazolylmethyl 


2-naphthyl 
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577 


4-chlorpphenyl 


-NHC(0)CH3 


H 


4-imida2olyhnethyl 


2-naphthyl 


578 


4-hydrQxyphenyI 


-NHC(0)C3l3 


H 


4-unida2olyhiiethyl 


2-naphthyl 


579 


phenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-n^hthyl 


580 


benzyl 


-NHC(OX393 


H 


4-chlorobenzyl 


2-ns^hthyl 


581 


3-flnQrophenyl 


-NHC(0)C3l3 


H 


4-chlorobenzyl 


2-n^htfayl 


582 


4-fluQrophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2rnaphthyl 


583 


3^-difluorophenyl 


-NHC(0)CH3 


H 


4-chlQrobenzyl 


2-naphlfayl 


584 


4-chlorophenyl 


-NHCXOX313 


H 


4-chlorobenzyl 


2HtiaphtfayI 


585 


4-hydroxyphenyl 


-NHC(OXH3 


H 


4-chlorobCT^l 


2-naphthyl 


586 


phoiyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


587 


henzyl 


-NHC(0)CH3 


H 


4~hydroxyben25yl 


2-naphtfayl 


588 


3-fluQrophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


589 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybeiizyl 


2^phthyl 


590 


3,5-difluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


591 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


592 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


4-hydroxyben2yl 


2-naphthyl 


593 


4-fluorophenyl 


H 


H 


benzyl 


2-naphthyl 


594 


phenyl 


H 


H 


benzyl 


2-naphthyl 


595 


4-fluorophenyl 


H 


H 


4-hydroxybenzyl 


2-naphthyl 


596 phenyl 


-NHC(0)CH3 


H 


2-naphthyljDaethyl 


2Haaphthyl 



The following is an outline of a synthetic pathway for preparing analogs 537-596, 
however, other embodiments of this 3-ketopiperazme scaffold, for exartq)le, 3-hydroxypropyl 
analogs, and the like can be prepared by using modification to this general scheme. • 

5 
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Reagents and conditions: (a) NaOCHj/CHsOH 



EXAMPLE 10 

Preparation of 2-[4-[2-[2-acetylaiiiino-3-(4-hydroxypheny0propionyla^ 
fluorophenyl)propioiiyl]-3-(2-liydroxyethyl)piper^^ 

propionamide (66): To a solution acetic acid 241-{2.[2-acetylainmo-3^ydioxyphenyl)- 
propionylammo]-3K4-fluorophenyl)propionyl}-4<l-n^^ 

piperazm-2-yl]ethyl ester, 65, (7.5 g, 10 iranol) in meflianol (50 mL) is added freshly prepared 
NaOCH3 (0.55 g, 10.1 mmol) and die solution stirred ovemighL The solution is concentrated in 
vacuo, die resulting residue partitioned between dichloromefliane and water, tiie organic layer is 
dried and concentrated in vacuo to afford the desired product 

Another category of receptor ligand analogs according to the present invention relates to 
2,5-substituted 3-ketopiperazines comprising die conformationally restricted ring scaffold having 
the formula: 
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wherein the caibon atoms indicated with an asterisk can have any configuration. Table X lelates 
to non-limiting exanoples of one aspect of analogs in this category, said analogs having the 
formula: 




wherein R, R^ R^ and are defined in Table X. 



TABLE XI 



No. 


R 




R^ 


R" 


R* 


597 


phenyl 


-NHCCOKHj 


H 


benzyl 


phenyl 


598 


benzyl 


-NHC(OX3l3 


H 


benzyl 


phenyl 


599 


3-fluorophaiyl 


-NHC(0)CH3 


H 


benzyl 


phenyl 


600 


4-fluorophenyl 


-NHCXOCHj 


H 


benzyl 


phenyl 


601 


3,5-difluorophenyl 


-NHC(OX3l3 


H 


benzyl 


phenyl 


602 


4-chlorophenyI 


-NHC(0)CH3 


H 


benzyl 


phenyl 


603 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


ben2yl 


phenyl 


604 


phrayl 


-NHC(0)CH3 


H 


4-imidazolyIinethyl 


phenyl 


60S 


benzyl 


-NHC(OX3l3 


H 


4-imidazolylmethyI 


phenyl 


606 


3-fliKirophenyl 


-NHC(0)CH3 


H . 


4-imidazolylmBthyl 


phenyl 


607 


4-fluorqphenyl 


-NHC(0)CH3 


H 


4-imidazolyhnethyl 


phenyl 


608 


3,5-diflQQtqphenyI 


-NHC(0)CHb 


H 


4-unidazolylmetbyl 


phenyl 


609 


4-chlorppbenyl 


-NHC(OX3J3 


H - 


4-unidazoIylinethyl 


phenyl 


610 


44iydioxyphaDiyl 


-NHC(0)CHi 


H 


4-imidazolylinethyl 


phenyl 


611 


phenyl 


-NHC3(0)CIt 


H 


4-cblaioben^l 


phenyl 


612 


benzyl 


-NHCX0)CH3 


H 


4-cblaiobenzyl 


phenyl 


613 


3-fluorq>hCTyl 


-NHC(0)CH3 


H 


4-chloroben^l 


phenyl 


614 


4-fIuarophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyI 


phenyl 
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615 


3,5-diflooTophavl 


-NHC(OX3l3 


H 


4-chloroben2yl 


phenyl 


616 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


phenyl 


617 


44iy£lroxyi*CTyI 


-NHC(OX3l3 


H 


4-cliIorobenzyl 


phenyl 


618 




-NHC(0)afe 


H 


4-hydroxybenzyl 


phenyl 


619 


benzyl 




H 


4-hydroxybenzyl 


phenyl 


620 


3-fluaioplienyl 


-NHCXOXHa 


H 


4-hydroxybenzyl 


phenyl 


621 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


622 


3,5-difIuaioplifiayl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


623 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


624 


4-liydioxyplienyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


phenyl 


625 


phenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


626 


benzyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


627 


3-fluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-napbthyl- 


628 


4-fluorophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


629 


3,5-difluorophenyl 


-NHC(0)CH3 


H 


b^Qzyl 


2-naphthyl 


630 


4H;hloiophenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


631 


44iydioKyphenyl 


-NHC(0)CH3 


H 


benzyl 


2-naphthyl 


632 


phenyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyI 


633 


benayl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


634 


3-fluaiophenyI 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


635 


4-flu«ophenyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


636 


3^-difluorophenyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


637 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


638 


4-hydroxyphenyl . 


-NHC(0)CH3 


H 


4-imidazolylmethyl 


2-naphthyl 


639 


phenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


640 


benzyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


641 


3-fIuorophenyl 


-NHC(0)CH3 


H 


4-cbIorobenzyl 


2-napntnyl 


642 


4-fluorophenyl 


.NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


643 


3,5-difluorophenyl 


-NHC(0XH3 


H 


4-chlorobenzyl 


2-naphthyl 


644 


4-chlorophenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


645 


4-hydroxyphenyl 


-NHC(0)CH3 


H 


4-chlorobenzyl 


2-naphthyl 


646 


phenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


647 


benzyl 




H 


^^hydroxybenzyl 


2-naphthyl 
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648 


3-fluoropheayl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphthyl 


649 


4-fluorophenyl 


-NHC(0)CH3 


H 


4-hydroxybeiizyl 


2-naphthyl 


650 


3,5-diflaoroplieiiyl 


-NHC(0)CH3 


H 


4-hydroxybeii2yl 


2-naphtbyl 


651 


4-chIorq>henyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-naphtbyl 


652 


44iydrc»q'phenyl 


-NHC(0)CH3 


H 


4-hydroxybenzyl 


2-n^hthyl 


653 


4-fluorop]ieayl 


H 


H 


bmzyl • 


2-naphthyl 


654 


phenyl 


H 


H 


boizyl 


2HDi^hthyl 


655 


4-flaoiopli«iyl 


H 


H 


4-hydroxybenzyl 


2-iiaphthyl 


656 


phenyl 


-nhc(0)ch:3 


H 


2-naphthylmethyl 


2rnaphtbyl 



The following is an outline of a synthetic pathway for preparing analogs 597-656, 
however, other embodiments and iterations of the 3-fcetopipeiazme scaffold can be piepaied using 
modification to this general procedure. 




Reagents and conditions: (a) OJ^-^imethylhyroxylamme, HOBt, BDd, iV-metfaylmDipholme, DMF, 0 **C 




Reagents and conditions: a>)LAH,THF,-60''C 



105 



wo 02/085925 



PCTAJS02/13340 




wo 02/085925 



PCT/US02/13340 




Reagents and conditions: (f) TPA/CBzOi, it 




Reagents and conditions: (g) EDCI, HOBt, DMF. 




Reagents and conditions: (h) Pd-black, cydohexenc. EtOH/AcOH, reflux. 
PREPARATION OF 2^-SUBSTrrUTBD 3-KErOPIPERAZINE INTERMEDIATE 
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The following is a procedure for prepaiing the 2,5-substituted 3-ketopiperazine scajffold 
intermediate having the fonnula: 



H 
I 




5 wherein for the following ^anqjle is 2-naphthyl, and R^^ is l-benzyl-lH-iniidazoi-4-yL 
3-fl"Benzvl4Jy-iT"iHaTnl-4-vhnethvl)-6-naphthalen-2-vlmethY lDipera2m-^^^ 

Preparation of [l-(methoxymethylcarbamoyl)-2-naphthalen-2-ylethyl]carbamic add 
1 0 tert-hntyl ester (67): 2-i\^-Boc-amino-3-naphthalen-2-yl propionic acid (2.0 g, 6.3 mmol), O J^- 
dimethoxy-hydroxylaniine hydrochloride (0,61 g, 6.6 nnnol), hydroxybenzotriazole (1.2 g, 9.4 
mmol). and AT-methybnorpholine (2 mL, 18.9 mmol) in DMF (15 mL) is cooled to 0 **C and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide (1.8 g, 9.4 mmol) is slowly added. The resulting 
mixture is stirred for 2 hours at O^C then allowed to warm and stir atroomten^eratuie 18 houis. 
1 5 The reaction solution is diluted with water and the resulting solid is collected by filtration, le- 
dissolved in EtOAc and extracted with water, dried and concentrated in vacuo to afford an oily 
residue which is purified over silica gel to afford 2.0 g (88%) of a white solid. 

Preparation of (l-fonnyl-2-naphthalen-2-ylethyl)carbamic add tert-butyl ester (68): 
20 To a solution of [l-(niethoxymethylcarbamoyl)-2-naphthalen-2-ylethyl]carbainic acid tert-butyl 
ester, 67, (5.0 g, 13.4 inmol) in THF (40 mL) at -30 to -25 ''C is added lAH (16.^ 
solution m THF) over about 10 minutes and the reaction is then cooled to -55 *C and the stirring 
is continued for 3 hours. After coolmg to -60 'C, the reaction is quenched by the addition of dtric 
acid in methanol (1 : 1 by weight). During quenchmg the temperature is maintamed at about -45 
25 "^C The mixture is then allowed to warm to room teinpaature and partitioned between EtOAc 
and water and the water phase extracted agam with EtOAc. The organic phases are combined and 
washed with sat NaQ, dried and concentrated in vacuo to afford flie crude aldehyde as a white 
solid which is used without further purification. 

30 Preparation of 3-(l.ben2yI-lfl-inMdazol-4-yl)-2-(2-iV-Boc-anMno-3-naphthalen-^ 

ylpropylamino-propionic add methyl ester (69): The crude aldehyde l-formyl-2-naphthalen- 
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2-ylethyl)caibaniic acid teit-butyl ester, 68, is dissolved in THF (40 inL) and a solution of 2- 
aiiuno-3-(l-benzyl-ltf-iimdazol-4-yl) propionic add methyl ester hydrochloride (4.6 g, 13.9 
zmnQl)inDMF(40mL)isadded. The solution is cooled to 0 °C and sodium 
triacetoxyfoorohydride (5.9 g, 27.8 nunol) is added. Hie suspension as stirred at and allowed 
5 to warm over 2 hours' to room temperature then stirred 18 hours. A saturated aqueous solution of 
sodium bicarbonate is added until the evolution of gas stops. The solution is extracted with 
diethyl ether, dried and concentrated to afford the crude product which is purified over silica gel 
to afford 4.6 g of a yellow oil. 




Preparation of 3-(l-be]]zyl-lJ7-]midazol-4-ylmethyO-6-iiaphthalen-2-]ime^ 
piperazin-2-one (70): 3<l-benzyl-lJ7-inudazol-4-yl)-2-<2-iV^Boc-ammo-3-na^ 
ylpropylammo-propionic acid methyl ester, 69, (4.6 g, 8.5 mmol) is dissolved in trifluoroacetic 
15 acid/dichlQromethane(l:l)(20mL) andaUowedtostironehouratroomtenq>erature. The 
solution is concentrated in vacuo to an oil which is taken up in diethyl ether several times and 
concentrated in vacuo to remove all traces of trifluoroacetic acid. The resulting oil is dissolved in 
ethanol (35 mL) and refluxed for 3 hours. The solv^ is removed in vacuo to afford the desired 
product 

20 

EXAMPLE 11 

2-AcetvIaroino-N-{l"(4'-fluorobenzvlV2-r2-(lH"fanida2oI"4-vlmethvlV5-naphthalm^ 
vlmethvi-3-oxo-Diperazin-l-vn-2-oxo-ethvll-3"f4-hvdroxvphenvl) proDionfliniHp. (74) 

25 Preparation of [2-[2-(l-benzyI«lH-iiiudazoI-4-ylmetfayl)-5-naphtfaalen-2-ylmet^^^ 

oxo-piperazin-l-yl]-l-(4-fluorobenzy])-2-oxo-ethyl] carbamic add tert-butyl ester (71): To a 

solution of 3-(l-benzyl-lH-imida2ol-4-ylinethyl)^5-naphthalen-2-ylmethyl-piper^ 70, 
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(1.63 g, 4 mmol), (R)-2-iV-<r«rt-butoxycarbonyl)ainino-3<4-fluorophenyl^^^ acid (1.4 g, 

4,8 mmol), l-hydroxybenzotriazole (0.6 g, 4.4 mmol), and iV-methylmorpholine (1.3 mL, 12.0 
mmol) in DMF (15 mL) is cooled to 0 and H3-dimethylaniinoopropyl)-3-ethylcaxbodiiniide 
(1.2 g, 6 mmol) is slowly added. The resulting mixture is stirred for 2 hours at 0 then allowed 
5 to warm and stir at room ten5)erature another 1 8 hours. The reaction solution is diluted with 
water and the solution extracted with EtOAc. The organic layers are combined, dried, 
concentrated in vacuo to afford a sticky orange solid which is purified over silica gel 
(EtOAc/MeOH 9: 1) to yield 1.2 g of a white solid. 

1 0 Preparation of 4-[2-amino-3-(4-fluorophenyl)propionyl]-3-(l-benzyl-lH-imidazol-4- 

yImethyI)-6-naphthalen-2-yhnethyIpiperiazin-2-one (72): [2-[2-(l-benzyl-lH-imidazol-4- 
ylmethyl)-5-naphthalen-2-yhnethyl-3-oxo-pipCTa2in-l-yl3-l-(4-nuor 
carbamic acid tert-butyl ester, 71, (30 mg, 0.044 mmol) is dissolved in trifluoroacetic 
acid/dichloromethane (0.5 mL), After one hour the solution is concentrated in vacuo and the 

1 5 residue purified by reverse phase Ci8 prep HPLC to af&xrd 25 mg of a white solid. 

Preparation of 2-acetylamino-iV-[2-[2-(l-benzyl-lff-imidazol-4-ylnaffi 
naphthalen-2-ylmehtyl-3^)xo-piperazin-l-3lH-(4-fluorobenz^ 

hydroxyphenyl)propionamide (73): To a sohition of 4-[2-amino-3-(4.fluorophaiyl)prppionyl]- 
20 3<l-benzyl-lH-iimdazoM-ylniethyl)-6-naphthalen-2-ybnethylpiper^ 72, (0.415 g, 

0.615 mmol). iV-acetyl-L4yrosine (0.140 g, 0.615 mmol), l-hydroxybenzotriazole (0.125 g, 0.922 
mmol), and TV-methyhnoipholine (0.2 mL, 12.0 mmol) m DMF (4 mL) is cooled to 0 *C and l-(3- 
dimethylaminoopropyl)-3-ethylcarbodiimide (0.235 g, 1.23 nmnol) is slowly added. The resulting 
mixture is stirred for 2 hours at 0 °C then allowed to warm and stir at room terqperature another 
25 18 hours. Thereactionsolutionisdiluted with water and the solution extracted with EtOAc. The 
organic layers are combined, dried, concentrated in vacuo and purified by reverse phase Cig prep 
HH-C to afford 0.22 g of a brown-white solid. 

Preparation of 2-acetylamino-N-{l-(4-fluorobenzyI)-2-[2-(lH-imidazol-4-ylmethyl)- 
30 5-naphthalen-2-ylmethyl-3-oxo-piperazin-l-yl]-2-oxo-ethyl}-3-(4-hydroxyphenyl) 
propionamide (74): 2-acetylamino-iV-[2-[2-(l-benzyl-ljtf-inridazol-4-yhaifithyl)-5-nap 
ylmehtyl-3K)xo-piperazin-l-yl]4<4-fluorobenzyl)-2-oxo-ethyl]-3-(4-hyto^ 
propionamide,73, (0.22 g, 0.28 mmol) is dissolved m ethanol/acetic acid (4:1) (3 mL). 
Cyclohexene (3 mL) and Pd-black are added and the solution is refluxed with periodic 
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replenishment of cyclohexene. The reaction is monitored by TLC and after 2 days is cooled and 
filtered through Celite to remove the catalyst The filtrate is concentrated in vacuo to afford an oil 
which is purified by reverse phase Qg prep HFLC to afford the desired product 

Another aspect of the present invention relates to analogs wherein at least two of R^ R^, 
and R'^ are taken together to form a ring, for exanq>le, receptor ligands having the formula: 




^ H 

wherein R, R^ and R^^ are defined in Table XE 



TABLE Xn 



No. 


R 




R.0 


657 


pheayl 


H 


benzyl 


658 


4-fluoropheiiyI 


H 


benzyl 


659 


3,4-difluorophenyl 


H 


benzyl 


660 


4-chlorophenyl 


H 


benzyl 


661 


4-methyl 


H 


benzyl 


662 


4-methoxy 


H 


benzyl 


663 


naphthyl 


H 


benzyl 


664 


phenyl 


-CO2CH3 


benzyl 


665 


4-fluorophenyl 


-CO2CH3 


benzyl 


666 


3,4-diflnaroph^yl 


-COzCHa 


benzyl 


667 


4-chlorophenyl 


-CO2CH3 


benzyl 


668 


4-methyl 


-CO2CH3 


benzyl 


669 


4-inetho:iy 


-COzCHs 


benzyl 
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670 


naphthyl 


<X)2CHs 


benzyl 1 


671 


phoiyl 


-CONHa 


ben2yl 1 


672 


4-fluoropbenyI 


-CONKt 


benzyl 1 


673 


3,4-difluoropbBayl 


<X)NH2 


benzyl 1 


674 


4-cliloropheayl 


-C0NH2 


benzyl j 


675 


4-mBthyl 


-CONH2 


benzyl j 


676 


4-iDethoxy 


-CX)NH2 


benzyl 


677 


naphAyl 


-CONHa 


benzyl 1 


678 


phenyl 


-CONHCH3 


benzyl | 


679 


4-fluorqpbeoyl 


-CX)NHCH3 


benzyl 


680 


3,4-difluaiophBnyl 


-CX>NHCH3 


benzyl 1 


681 


4KMQtophenyl 


^NHCHj 


benzyl 1 


682 


4-IDBth^ 


-CONHCH3 


benzyl 1 


683 


4-nieth(»gr 


-CONHCHj 


benzyl 


684 


nq>h(hyl 


-CONHCH3 


benzyl 


685 


phmyl 


H 


2-naphthylniethyl 1 


686 


4-fluorophenyl 


H 


2-naphthylmethyl 1 


687 


3,4-di£liiorophenyl 


H 


2-naphthylniethyl 1 


688 


4-chlorophenyl 


H 


2-naphthylniethyl 1 


689 


4-methyl 


H 


2-naphthylniethyl 


690 


4-methoxy 


H 


2-naphthyhnethyl 


691 


naphthyl 


H 


2-naphthylmethyl 


692 


phenyl 


-CO2CH3 


2-naphthyhnethyl 


• 693 


4-fluQrophenyl 


-CO2CH3 


2-naphthylmethyl 


694 


3,4-difluoro0ienyl 


-CO2CH3 


2-naphthyhnethyl 1 


695 


4-cblQropIi«iyl 


-CO2CH3 


2-naphthylmethyl 


696 


4-niBdi^ 




7-Tuinhthvlmethvl 


697 


4-mBthcny 


-CO2CH3 


2-naphthyhnethyl 


698 


naphihyl 


-CO2CH3 


2-naphthylmethyl 


699 


phenyl 


-CONH2 


2-^aphthylmethyl 


700 


4-fluoiophenyl 


-CONH2 


2-naphthyhnethyl 


701 


3,4-difluorophenyl 


-CONH2 


2-naphthylmethyl 


702 


4-chlQrophenyi 


-CONH2 


2-naphthylmethyl 
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703 


4-methyl 


-CONH2 


2-naphthybiiBthyl 


704 


4-tiKthoxy 


-CONIfc 


2-iuq>hthylmethyl 


705 


naphthyl 


-CX)NHa 


2-iu^thylmBtl9l 


706 


phoiyl 


-comcsh 


2-iiq>hthy]methyl 


707 


4-fluarqph«iyl 


-CONHCH3 


2-iu9hthy]iiiBtbyl 


708 


3,4-difluon>pbNiyl 


-COmCHa 


2-iiqiibthylmetfayl 


709 


4-chlotophenyl 




2-ii^httiyliiiethyl 


710 


4-metfayl 


-CONHOfe 


2-ii2^hthylinBtl]yl 


711 


4-mellu>xy 


-CONHCH3 


2-iii^hthyInietliyl 


712 


Daphth)^ 


-CONHCH3 


2-naphfhylmBiliyl 



The following is an outline of a synthetic pathway for piepaxing analogs 657-^3 and 
685-691, however, other embodiments and itmtions of the S-ketopiperazine scaffold can be 
prepared using modification to this general procedure. 



NHBoc 



NHBoc 



CO2H 



NIOiz 



Reag^ and conditicms: (a) HOBt, EDCI. N-methylmoipholme, DMF, 0 °C 



NHBbc 



10 



Msaiz 



or 



Reagents and conditians: (b) TFA/CH2CI2, it 



NEOns 
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Reagents and conditioDs: (b) TFA/CH2O2, it 




Reagents and conditions: (e) 10% Pd/C; MeOR 
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PREPARATION OF 3-KETOPIPERAZINE INTERMEDIATB 
The following is a procedme for preparing die 3-ketopipeazine intermediate having die 
formula: 



5 




wherein far this exanople R' is b^izyi. 

r3-f3-Oxo-4-phenethvlpiDerfl»8ti Ayl>rropYn-carbamic add benzyl ester (76) 

1 0 Preparation of (4-iV-Cbz-andno-l-phenethylcarbamoyIbutyl)carba]iiic add tert- 

hutyl ester (75): A solution of phenethylanune (12.1 g, 100 mmol), S-ben^Ioxycarbonylamino- 
2-l£7t-butoxycaibonylanmio-pentanoic acid (33.6 g, 100 mmol), hydioxybenzotriazole (16.2 g, 
120 mmol), and N-methyhnoipholme (132 mL, 120 mmol) in DMF (150 niL) is cooled to 0 "^C 
and l-(3K]iniediylaniinoopropyl>-3-ethylcarbodiunide (24.9 g, 130 mmol) is slowly added. "Hie 

15 resulting mixture is stirred for 2 hours at 0°C then allowed to warm and stir at room tenq)erature 
another 2 hours. The reaction solution is diluted with water and the resulting solid is collected by 
filtration, re-dissolved in EtOAc and extracted with water, dried and concentrated in vacuo to 
afford a residue which purified over silica gel. 

20 Preparation of (4-amino-4-phenetylcarbamoylbatyl) carbamic add benzyl ester 

(76): (4-^-C:bz-amino-l-phenethylcarbamoylbutyl)carbamic acid tert-butyl ester, 75, (47.0 g, 100 
mmol) is dissolved in 300 ml of a solution prepared from 2: 1:0. 1 parts of dichloromethane TFA 
and water. The reaction mixture is stirred for 3 hours. The solvit is removed tn vacuo and the 
residue treated with 1,2-dichloroniethane which is also removed in vacuo. This is repeated 

25 several times and affords the crude rude residue which is used for the next step without further 
purification. 
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Preparation of [3.(3.0xo-4-pheiiethylpiperazln-2.yl)propyl>carbanik add benzyl 
ester (77); A nrixtuie of 4-ammo-4i)henetylcaibanioylbatyl) carbamic acid benzyl ester, 76, 
(36.9 g. 100 mmol), (Bbromoethane (12.9 mL, 4.36 mmol). potassium carbonate (69 g. 500 mmol) 
in DMF (500 ml) is stined at SS'C for 18 hours. Tbe reaction mixture is cooled to room 
temperature, treated with IM KHSO* and the resulting solution is extracted with ethyl acetate. 
Hie crude product is purified over silica (sequential elation with EtOAcAiexanes mixtures 1:2, 
1:1, 100% EtOAc, then EtOAc with 5% MeOH) to afford the desired product 

EXAMPLE 12 

^- f^f^.AniinoiiroiiYn-4-p-M-fliioroDhe nvn.2.rn^^.4-tetrahYdro!oquinolin-3- 
riirhoiivnaininoTiiroDionvl>-2- "^»-nipcrazin-1-Yl>-3-iianhthalen-2.yl 
prnmonic add m cthvl ester (82) 

Preparation of (3-{l-[2-iV-Boc-amino-3-(4-flnorophenyU)propionyll-3H>xo-4- 
phenethyIpiperizln-2-yl}propyl)-carbamic add benzyl ester (78): To a solution of [3-(3-Oxo- 
4-phenethyli)iperazin-2-yI)propyl]-carbaniic acid benzyl ester, 77, (3.95 g. 10 mmol), (R>2-iV- 
(tert-butoxycarbonyl)amino-3-(4-fluorophenyl)propanoic acid (3.40 g. 12 mmol), 1- 
hydroxybenzotriazole (1.62 g, 12 mmol). and jV-methylmorpholine (13 mL, 12 mmol) in DMF 
(15 mL) is cooled to 0 °C and H3-dimethylaminoopr<>pyl>3-ethylcafbodiimide (2.49 g. 13 
mmol) is slowly added. The resulting mixtare is stirred for 2 hours at 0 °C then allowed to warm 
and stir at room temperature another2hours. The reaction solution is diluted with watered the 

resulting solution extracted with EtOAc, dried and concentrated in vacuo to afford the desired 

product 

Preparation of (3-{l-[2-ainino-3-(4-fluorophenyl)propionyl]-3-oxo-4-phenettiyl- 
piper8zln.2-yl}propyl)M»rbaniic add benayl ester (79): A solution of (3-{ l-(2-i7-Boc-amino. 
3K4.fluor(q)henyU)propionyl]-3-oxo^-phenethylpiperizm-2.yl}propyl)x^^ add benzyl 
ester. 78, (6.6 g. 10 mmol), trifluoroacetic add (5 mL), and dichloromethane (50 mL) is stirred at 
ioomtempetaturefor2hoursandlhenconcentratedinvfla«». The crude product is dissolved in 
dichloromethane and the organic kyer washed wilii saturated sodium bicarbonate, dried, and 
concentrated t« vacuo to afford the desired product 

Preparation of 3.[2.[2r(3-Ar-CM.anihiopropyl)-3.OTD-4-phenethylpiperazin-l-yl]-l- 
(4.fluorobenzyI)-2^o-eti»ylcarbamoyn.3Adibydro.m.isoquinoIine.^^^^ addtert- 
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butyl ester (80): A solution of (3-{ l-[2-amino-3-(4-fluQrophe&yl)propionyl]-3H)xo4-ph€»i 
piperazm-2-yl}propyl)-carbaniic acid benzyl ester, 79, (5.6 g, 10 mmol), //-Boc-1,2,3,4- 
tetrahydroisbqumoIine-3-carboxylic add (3.8 g, 10 mmole), hydroxybenzotriazole (1.62 g, 12 
inmol), and N-metfaylmDipholine (13 mL, 12 mmol) in DMF (50 mL) is cooled to 0 and l-(3- 
5 diniethylaniinopropyl)-3-ethylcarbodiiniide (2.49 g, 13 mmol) is slowly added. The resulting 
nuxtme is stizied for 2 hours at 0 then allowed to wann and stir at room tenq>eratuie another 2 
hours. The reaction solution is diluted with water and the resulting solution extracted with 
EtOAc, dried and concraitcated in vacuo to afford the cnide product which is purified over silica 
gel. 

10 

Preparation of [3-(l-{3-(4-fluoropheny])-2-[(l,23,4-tetrahydroi5oqiuno]in-3- 
carbonyI)amino]propionyl}-3-oxo-4-phenethylpiperazin-2-yl)propyr| carbamic acid benzyl 
ester (81): A solution of 3-[2-[2-{3-N-<rbz-aininopropyl)-3K)xo-4-phenethylpiperazm-l-yl]-l-(4- 
fluorobenzyl)-2K)xo-ethylcarbamoyl]-3,4-dihydro-IJ^-isoquinoline-2-<:arboxyU^ acid te/t-butyl 
15 ester, 80, (8.2 g, 10 mmol), trifluoroacetic acid (5 inL), and dichloromethane (50 mL) is stirred at 
room temperature for 2 hours and then concentrated in vacuo. The crude product is dissolved in 
dichloromethane and the organic lay^ washed with saturated sodium bicarbonate, dried, and 
concentrated in vacuo to afford the desired product 

20 Preparation of 2-(3-(3-Anunopropyl)-4-{3-(4-flttorophenyl)-2-[(l^^y4- 

tetnihydroioqidno]in-3-carbonyl)aiiimo]propionyl}^^ 

propionic add methyl ester (82): A solution of [3-<l-{3-(4-fluorophenyl)-2-[(l,2,3,4- 
tetrahydroisoquinolin-3*carbonyl)anuno]propionyl}-3<>xo4-phenethylpiperaz^ 
carbamic add benzyl ester, 81, (7.2 g, 10 romol) is suspended in methanol (100 ml) and 
25 hydrogenated m the presence of 10% Pd/C at 40 psi for 24 hours. The solution is iSltered to 
remove the catalyst and the crude product is purified on a preparative HFLC using a linear 
gradient of acetonitrile in water with 0. 1 % TPA to afford the desired product 

The present invention furth^ relates to methods for treating one or more disease states. 
30 One aspect of the preset invention relates to a method for treatmg a disorder selected ftmn the 
group consisting of insulin resistance, glucose intolerance, Type-2 diabetes mellitus, coronary 
artery disease, elevated blood pressure, hypertension, dyslipidaemia, cancer (e.g., endometrial, 
cervical, ovarian, breast, prostate, gallbladder, colon), menstraal irregularities, hirsutism, 
infertility, gallbladder disease, restrictive lung disease, sleep apnea, gout, osteoarthritis, and 

117 



wo 02/085925 PCTAJS02/13340 



thromboemboKc disease, in an animal subject in need thereof, said method comprising the step of 

administraing to said subject a coiiq)Ound as described herein above. 

Another aspect of the present invention idales to methods for treating one or more 

disorders selected fix)m the group consisting of a bo^ wei^t disorder, CNS depressicm, 
5 behavior-related disorders, memory related disordos, cardiovascular function, inflammation, 

sepsis, septic shock, cardiogenic shock, hypovolemic shock, sexual dysfunction, erectile 

dysfunction, muscle atrophy, diseases associated with n«a:ve growtii and repair, and mtrauterine 

fetal growtii, in an animal subject in need fliereof , said mefliod comprisnig flje stap of 

administBting to said subtject a can:q>ound as described herein above. 
10 One particular embodimrait of ttie presoit mvention is directed to a metiiod for controlling 

a body weight disordra- selected fiom die group consisting of obesity, anorrada and cachexia. 
MelanocortiTi Functional Activity and Selectivity 

Bmctional activity can be evaluated using various metiiods known in die art. Bcanq>les 
of such metiiods are measurement of second messenger responses, in particular cAMP, die use of 

1 5 modified cell systems yielding coIot reaction upon accumulation of second messen^ elements 
such as cAMP, e.g. as described by Chen et al. 1995 (Anal Biochem. 1995, 226. 349-54), 
Cytosensor Microphysiometer techniques (see Boyfield et al. 1996). or Uie study of physiological 
effects caused by tiie compounds of the invention may be appUed by using die compounds of tiie 
invention alone, or in combmation with natural or syntiietic MSH-p^tides. 

20 The con?)ounds of tiie present invention will interact preferentially (i.e., selectively) to 

MC-4 and/or MC-3. relative to die other melanocortin rec^tors. Selectivity is particularly 
in5)ortant when tiie compounds are administffljed to humans or otiier animals, to minimize the 
number of side effects associated widi tiieir administration. MC-3/MC-4 selectivity of a 
compound is defined herein as tiie ratio of flie ECjo of tiie compound for an MC-1 receptor 

25 ("ECso-MC-1") over tiie ECso of tiie compound for tfie MC-3 (ECso-MC-S) / MC-4 (BC5<rMC-4) 
receptor, tiie ECso values being measured as described above. The formulas are as follows: 
MC-3 selectivity = [ECstMC-I] / |ECsrMC-3] 

MC-4 selectivity = [ECso-MC-l] / [ECso-MC-4] 
A compound is defined herem as being "selective for tiie MC-3 receptor" when tiie above 
30 mentioned ratio "MC-3-selectivity" is at least about 10, preferably at least about 100, and more 
preferably at least about 500. 



118 



wo 02/085925 



PCT/US02/13340 



A compound is defined herein as being **selective for.flie MC-4 recq>tof' when the above 
mentioned latio "MC-4-selectivity" is at least about 10, pieferably at least about 100, and more 
preferably at least about 500. 

Methods of Use and Compositions : 
5 The present invention further relates to compositions which comprise the bstem above 

described receptor ligands. 

For example the present invention relates to a pbamoaceutical composition comprising: 
a) an effective amount of a compound, or one or more of the phannaceutically 
acceptable salts thereof; and 
10 b) die balance phannaceutically-acceptable carriers, exdpients, and adjunct 

ingredients. 

A "safe and effective amomif* of a compound according to the present invention is 
an amount that is effective to interact with the MC-4 and/or MC-3 receptor, in an animal, 
preferably a mammal, more preferably a human subject, without undue adverse side effects 

15 (such as toxicity, irritation, or allergic response), commensurate with a reasonable 

benefit/risk ratio when used in the manner of this invention. The specific "safe and effective 
amount" wiU, obviously, vary with such factors as the particular condition being treated, the 
physical condition of the patient, the duration of treatment, the nature of concurrent therapy 
(if any), the specific dosage form to be used, the excipient employed, the solubility of the 

20 Formula (I) compound therein, and the dosage regimen desired for the composition. 

hi addition to the subject compound, the compositions of the subject invention contain 
one or more pharmaceutically-acceptable excipients. The term **phannaceutically-acceptable 
excipient", as used herein, means one or more con5)atible solid or liquid ingredients which are 
suitable for admioistration to an aninaal, piefembly a mammal, more pref^bly a human. The 

25 term "conq>atible", as used herein, means that the conqKments of die conq)osition are capable of 
being commingled with the subject compound, and with each oth^, in a manner such tibat there is 
no interaction which would substantially reduce the phannaceutical efficacy of the conq)Osition 
under ordinary use situations. Pharmaceutically-acceptable excq»ients noust, of course, be of 
sufficientiy high purity and sufficiently low toxicity to render them suitable for adnunistration to 

30 the animal, preferably a mammal, more prefnably a human being treated. 

Some exanq)les of substances which can serve as pharmaceutically-acceptable excipi^its 
or corqponents thereof are sugars, such as lactose, glucose and sucrose; starches, such as com 
starch and potato starch; cellulose and its dmvatives, such as sodium carboxymethyl cellulose, 
ethyl cellulose, and methyl cellulose; powdered tragacanth; malt; gelatin; talc; solid lubricants, 
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such as stearic add and magnesium stearate; vegetable oils, such as peanut oil, cottonseed oil, 
sesame oU, oUve oil. com oU and oU of theobroma; polyols such as propylene glycol, glycerin, 
sorbitol, mannitol. and polyethylene glycol; agar, alginic add; wetting agents and lubricants, such 
as sodium lauryl sulfete; coloring agents; flavoring agraits; tableting agents, staWlizers; 
antioxidants; preservatives; pyiogen-free water, isotonic saline; and buffers, such as phosphate, 
dtrate and acetate. 

The choice of phaimaceutically^icceptable exdpients to be used in conjunction with the 
subject compound is basically determined by the way the compound is to be administered. If the 
subject compound is to be mjected. the preferred phannaceutically-acceptable excipient is sterile 
water, physiological saline, or nrixtnrcs thereof, the pH of which has preferably been adjusted to 
about 4-10 with a pharmaceutical buffer, a compatible suspending agent may also be desirable. 

In particular, phaimaceutically-acceptable excipients for systemic administration 
include sugars, starches, cellulose and its derivatives, malt, gelatin, talc, calcium sulfate, 
lactose, vegetable oils, syntiietic oUs. polyols. alginic acid, phosphate, acetate and citrate 
buffer solutions, emulsifiers. isotonic saline, and pyrogen-free water. Preferred excipients 
for parenteral administration include propylene glycol, ethyl oleate, pyrrolidone, ethanol, 
and sesame oil. Preferably, die pharmaceutically-acceptable excipient. in compositions for 
parenteral administration, comprises at least about 90% by weight of tiie total composition. 

The compositions of tiiis invention are preferably provided in unit dosage form. As 
used herein, a "unit dosage form" is a composition of fliis invention contaimng an amount of 
a Formula (I) compound tiiat is suitable for administration to an animal, preferably a 
mammal, more preferably a human subject, in a single dose, accordmg to good medical prac- 
tice. These compositions preferably contain from about Img to about 750 mg. more 
preferably from about 3 mg to about 500 mg. stiU more preferably from about 5 mg to about 
300 mg, of a Formula (I) compound. ■ 

Based on tiidr ability to agonize or antagonize the MC4 and/or MC-3 receptor, the 
present invention also relates to the use of tiie ligands described herchi in metiiods for treating 
obesity and other body weight disorders, includmg. for example, anorexia and cachexia. The 
compounds may also be used in metiiods for treating disorders that result from body weight 
disorders, including but not limited to insulm resistance, glucose intolerance. Type-2 diabetes 
meUitus. coronary artery disease, elevated blood pressure, hypertension. dysUpidaemia. cancer 
(e.g.. endometrial, cervical, ovarian, breast, prostate, gallbladder, cdon). menstrual irregularities, 
hirsiitism, infisrtility. gallbladder disease, restrictive lung disease, sleep apnea, gout, osteoarthritis, 
and tiuoinboembolic disease. The invention further relates to die treatment of disorders relating 
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to behavior, memory (including learning), cardiovascular function, inflammation, sepsis, 
cardiogenic and hypovolemic shock, sexual dysfunction, penile erection, muscle atrophy, nwe 
growth and repair, intrauterine fetal growth, and the like. 

The tmns treating and treatment are used h^iein to mean that, at a mlniTmim^ 
administration of a compound of the present invention mitigates a disorder by acting via the MC- 
3 or MC-4 receptor. Thus, the terms include: preventing a disease state from occurring in a 
ma mm a l , particularly when the manrnwl is predisposed to acquiring the disease, but has not yet 
been diagnosed wifli the disease; uihibitmg progression of the disease state; and/or alleviating or 
reversing the disease state. 

The invention compounds can therefore be formulated into pharmaceutical conq>ositions 
for use in treatment or prophylaxis of these conditions. Standard pharmaceutical formulation 
techniques are used, such as those disclosed in Remington's Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pa., latest edition and Peptide and Protein Drug Delivery, Marcel 
Dekker,NY, 1991. 

The conq)ositions of this invention may be in any of a variety of forms, suitable (for 
exanq>le) for oral, rectal, topical, nasal, ocular, transdermal, pulmonary or parenteral 
administration. Depending upon the particular route of administration desired, a variety of 
pharmaceuticaUy-acceptable excipimts well-known in the art may be used. These include 
solid or liquid fillers, diluents, hydrotropes, surface-active agents, and encapsulating 
subst^ces. Optional pharmaceutically-active materials may be included, which do not 
substantially interfere witii the inhibitory activity of the Formula (I) conq)ound. The amount 
of excipient employed in conjunction with the Formula (I) compound is sufficient to provide 
a practical quantity of materia] for administration p^ unit dose of the compound. 
Techniques and conq>ositions for making dosage forms useful in the methods of this 
invention are described in the following references, all incorporated by reference hei^in: 
Modem Pharmaceutics, CJiapters 9 and 10 (Banker & Rhodes, editcffs, 1979); Lieberman et 
al.. Pharmaceutical Dosage Forms: Tablets (1981); and Ansel, Introduction to 
Phannaceutical Dosage Forms 2d Edition (1976). 

Various oral dosage forms can be used, including such solid forms as tablets, 
capsules, granules and bulk powders. These oral forms comprise a safe and effective 
amount, usually at least about 5%, and preferably from about 25% to about 50%, of the 
Formula (I) compound. Tablets can be compressed, tablet triturates, enteric-coated, sugar- 
coated, film-coated, or multiple-compressed, containing suitable binders, lubricants, 
diluents, disintegrating agents, coloring agents, flavoring agents, flow-inducing agents, and 

121 



wo 02/085925 



PCTAJS02/13340 



melting agents. Liquid oral dosage fonns include aqueous solutions, enomlsions, 
suspensions, solutions and/or suspensions reconstituted from non-effervescent granules, and 
effervescent preparations reconstituted from effervescent granules, containing .suitable 
solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners, melting 
5 agents, coloring agents and flavoring agents. 

The pharmaceutically-acceptable excipient suitable for the preparation of unit dosage 
forms for peroral admmistration are well-known in the art. Tablets typically comprise 
conventional pharmaceutically-compatible adjuvants as inert diluents, such as calcium carbonate, 
sodium carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin, 

1 0 polyvinylpyrrolidone and sucrose; disintegrants such as starch, alginic acid and croscarmelose; 
lubricants such as magnesium stearate, stearic acid and talc. Glidants such as silicon dioxide can 
be used to improve flow characteristics of the powder mixture. Coloring agents, such as the 
PD&C dyes, can be added for appearance. Sweeteners and flavoring agents, such as aspartame, 
saccharin, menthol, peppermint, and fruit flavors, are useful adjuvants for chewable tablets. 

1 5 Capsules typically conq)rise one or more solid diluents disclosed above. The selection of 

excipient components depends on secondary considerations like taste, cost, and shelf stability, 
which are not critical for the purposes of the subject invention, and can be readily made by a 
person skilled in the art 

Peroral conq>ositions also include Uquid solutions, emulsions, suspensions, and the like. 

20 The pharmaceutically-acceptable excipiaits suitable for preparation of such compositions are well 
known in the art. Typical components of excipients for syrups, elixirs, emulsions and suspensions 
mclude ethanol, glycerol, propylene glycol, polyethylene glycol, liquid sucrose, sorbitol and 
water. For a suspension, typical suspending agents include methyl celhilose, sodium 
carboxymethyl cellulose, Avicel® RC-591, tragacanth and sodium alginate; ^ical wetting 

25 agents include lecithin and polysorbate 80; and typical preservatives include methyl paraben, 
propyl paraben and sodium benzoate. Peroral liquid compositions may also contain one or more 
components such as sweeteners,* flavoring agents and colorants disclosed above. 

Such compositions may also be coated by conventional methods, typically with pH or 
time-dqpendent coatings, such that the subject compound is released in the gastromtesthial tract m 

30 the vicinity of the desired topical application, or at various times to extend the desired action. 
Such dosage forms typically include, but are not limited to, one or more of cdlulose acetate 
phthalate, polyvmylacetate phthalate, hydroxypropyl methyl cellulose phthalate, ethyl cellulose, 

Eudragit® coatings, waxes and shellac. 
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Because the coiopoiuids of the present inventioii aie pq)tidic in nature, a piefened mode 
of administration is parratecal (more preferably intravenous injection) or nasal administration, in 
the form of a unit dose foim Ptefeired unit dose forms include suspensions and solutiQns> 
comprising a safe and effective amount of a Foimula I conqK)und. When administeied 
5 parenterally» fhe unit dose fonn will typically conq)rise from about 1 mg to about 3 g, more 
typically from about 10 mg to alLut 1 g, of the Formula Q) confound, although the anoount of 
compound administesced will depend, for example, on its relative afiBnity for the MC-4/MC-3 
receptor subtypes, its selectivity over other receptors, including the other melanocortin receptors, 
etc, 

1 0 Compositions of the subject invention may optionally include other drug actives. 

Other compositions useful for attaining systemic delivery of the subject coiiq)ounds 
include sublingual and buccal dosage forms. Such compositions typically coiiq>rise one or more 
of soluble filler substances such as sucrose, sorbitol and mannitol; and bmders such as acacia, 
microcrystalline cellulose, carboxymethyl cellulose and hydroxypropyl methyl cellulose. 

1 5 Glidants, lubricants, sweeteners, colorants, antioxidants and flavoring agents disclosed above noay 
also be included. 

Methods of Administration: 

As indicated, compositions of this invention can be administered topically or 
systemically. Systemic application includes any method of introducing a Formula (I) 

20 compound into the tissues of the body, e.g., intra-articular, intrathecal, epidural, 

intramuscular, transdermal, intravenous, intraperitoneal, subcutaneous, sublingual, rectal, 
nasal, pulmonary, and oral administration. The Formula (I) compounds of the present 
invention are preferably administered systemically, more preferably parenterally and most 
preferably via intravCTous injection. 

25 The specific dosage of compound to be administered, as well as the duration of 

treatment, and whether the treatment is topical or systemic are interdependent. The dosage 
and treatment regimen will also depend upon such factors as the specific Formula Q) 
corqpound used, the treatment indication, the personal attributes of the subject (such as 
weight), compliance with the treatmyent regimen, and the presence and severity of any side 

30 effects of the treatment. 

Typically, for a human adult weighing approximately 70 kilograms, from about 1 mg 
to about 6 g, more typically from about 100 mg to about 3 g, of Formula (I) compound are 
admimstered per day for systemic adnunistration. It is understood that these dosage ranges 
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are by way of example only, and that daily administration can be adjusted depending on the 
factors listed above. 

As is known and practiced in the art, all formulations for parenteral administration 
must be sterile. For mammals, especially humans, (assuming an approximate body weight of 
5 70 Jdlogramis) individual doses of from about 0.001 mg to about 100 mg are preferred, 

A preferred method of systemic administration is intravenous delivery. Individual 
doses of from about 0.01 mg to about 100 mg, preferably from about 0.1 mg to about 100 mg are 
preferred when using this mode of delivery. 

la all of the foregoing, of course, the con?)ounds of the invention can be administered 
1 0 alone or as mixtures, and the con^ositions may further include additional drugs or excipients as 
appropriate for the indication. 

The conq)ound of the invention can be deUvered to the preferred site in the body by using 
a suitable drug delivery system Drug delivery systems are well known in the art For example, a 
drug delivery technique useful for the compounds of the present invention is tiie conjugation of 
1 5 the compound to an active molecule capable of being transported tiirough a biological barrier (see 
e.g. Zlokovic, B.V., PharmaceuHcal Research, Vol. 12, pp. 1395-1406 (1995)). A specific 
example constitutes die coupling of the compound of the invention to fragments of insulin to 
achieve transport across the blood brain hairier (Fukuta, M., et al. Pharmaceutical Res., Vol. 11, 
pp. 1681-1688 (1994)). For general reviews of technologies for drug delivery suitable for the 
20 compounds of the invention see Zlokovic, B.V., Pharmaceutical Res., Vol. 12, pp. 1395-1406 
(1995) and Pardridge, WM, Pharmacol Toxicol, Vol. 71, pp. 3-10 (1992). 
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WHAT IS CLAIMED IS: 

1. A coiiq)oimd, including all enatiomeiic and diasteriomeric forms and phannaceutically 
acceptable salts thereof, said compound having the fommla: 




z 



wherein A is a conformatioDally restricted ring system selected from the group consisting 
of: 

a) non-aromatic carbocyclic rings; 

b) aromatic carbocyclic rings; 

c) non-aromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 

wherein said rings compises from 5 to 8 atoms; 
W is a pendant unit having the formula: 




wherein R is selected from the group consisting of: 

a) non-aromatic carbocyclic rings; 

b) aromatic carbocyclic rings; 

c) non-^iromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 
said rings conqorising from 3 to 12 atoms; 
J is selected from the group consisting o£ 

i) -[C(R")d]k-; wherem each R" is independently hydrogen, Ci-Cxj linear or 
branched alkyl, -SUB, two R" units can be taken together with an oxygen atom to 
form a carbonyl unit, two R" units from any J units or an R" miit and an R' unit 
from a T unit can be taken together to f onn a carbocyclic or heterocyclic fiised 
ring, Mcyclo ring, or spiroarmulated ring conqprising from 3 to 7 atoms; the index 
d has the value of 1 or 2 ; the index k has the value of 1 or 2; 

ii) -N-; 
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ill) -NR's wherein R' is hydrogen, Ci-Cg Imear or branched alkyl. or a SUB unit; 
iv) -0-, 
V) -S-; 

vi) -P(0)-or-P(0)2-; 

vii) and mixtures thereof; 
Lis a linking unit; 

B conqprises a unit selected from the group consisting of: 

a) hydrogen; 

b) substituted or unsubstituted aromatic carbocyclic rings; 

c) substituted or unsubstituted aromatic heterocyclic rings; and 

d) mixtures thereof; 

Y is a pendant unit comprising at least one heteroatom; 

Z is a pendant unit, which comprises an aromatic carbocyclic ring. 

A conq)Ound acceding to Qaim 1 wherein A is a conf ormationally restricted ring system 

selected from the group consisting of: 

a) 




b) 



w 




c) 




z 



d) 
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z 

e) 

L Y 
H 

wh^dn tbe carbon atoms marked with an astraisk can have any steieo-cheniical 
configuratioa or mixtures thereof. 

3. AcompoundaccordmgtodtherQaiml or2 whesieinWhas tfaef^^ 

I 

wherein J has the formula -(CHz)-* -C(0)-, and mixtures thereof; 

L units are selected form the group consisting of: 

i) -C(0)NHs 

u) -C(0)NHC(0)s 

iii) -NHC(0)-; 

iv) -NHs 

v) -(CH2)bNH-; wherein bis from 1 to 3; and 

vi) -NH(CH2)bS wherein b is from 1 to 3; 
R is substituted or unsubstituted aryl; 

B is hydrogen or a unit havmg the formula: 




whereinR,R,andR units are independently selected from the gFoiq>: 
a) rings comprising: 

a) substituted or unsubstituted aromatic carbocyclic rings; 

b) substituted or unsubstituted aromatic heterocyclic rings; 

c) and mixtures thereof; 
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b) hydrogen; 

c) a unit selected from the group consisting of -CHiCCOCHa, -NHC(0)CH3, - 
NHC(0)CH2CH3, and -NHCCOCHaCHaCHs; 

d) at least two of R^ R^ or R* can be taken togetbar to fonn a ring; and 

e) mixtures thereof. 

4. A con5)ound according to any of Qaims 1-3 wherein W has the fonnula: 




R is selected from the group consistmg of phenyl, benzyl, 3«.fluorophenyl, 4-fluorophenyl, 
3,5-difluorDphenyl, 4-chlorophenyl, 4-hydroxyphenyl, and mixtures thereof. 

5. A compound according to any of Qaims 1-4 wherein W has the formula: 



or the fonnula: 




wherein R^, R^, and R"^ units are each independently selected from the group: 

a) rings comprising: 

i) substituted or unsubstituted aromatic carbocyclic rings; 

ii) substituted or unsubstituted aromatic heterocyclic rings; 

iii) and mixtures thereof; 

b) hydrogen; 

c) a unit selected from the group consistmg of -CHaCCOCHa, -NHC(0)CH3, - 
NHC(0)CH2CH3, and -NHC(0)CH2CH2CH3; and 

d) mixtures thereof. 
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6. A confound accarding to any of Qaims 1-5 wherein is -NHC(0)CH3 and R'* is a unit 
selected from the group consisting of benzyl, 2-imidazolybnethyl, 4-imidazolylniethyl, 4- 
fluorobenzyl, 4-hydroxyben2yl, and 4-acetoxybenxyL 

7. A con:5)ound accarding to any of Qaims 1-6 wherein at least two of R^ R^ and are 
taken together to fonn a ring. 

8. A con^und accordmg to any of Clainas 1-7 wherein W has the fonnula: 




9. A compound according to any of Qaims 1-8 wherem Y has the formnla: 
wlierein R^^ comprises a heteroatom and the index b is from 1 to 4. 

10. A compound accordmg to any of Claims 1-9 wherein R" is an ester selected from the 



group consisdng o£ 


i) 


-C(0)0CH3: 


n) 


-C(0)0C«iCH3; 


iii) 


-QoyocHiCHifmii 


iv) 


-C(0)OCH2CH2CH2CH3; 


V) 


-C(0)OCH(CH3)2; 


vi) 


-C(0)OCH2CH(CH3)2; 


vii) 


-C(0)OCH2CH=CHCH3; 


viii) 


-C(0)OC3l2CH2CH(CH3)2; 


ix) 


-C(0)OCH2C(CIfe)3; 


X) 


-0C(0)CH3; 


xi) 


-OC(0)CH2CH3; 


xii) 


-OC(0)CH2CHaCH3; 
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xui) -OCXO)CH{C3l3)2; 

xiv) -OC(0)CHaCHaCHiCHj; 

XV) -OC(0)CH2CH(CH^)2; 

xvi) -OC(0)C3J2CH=CHC3H3: 

xvu) -OC(0)CHiC(ai3)3; and 

xviii) -OC(0)C31iCftiCH(CHa)2; 

or an amide sdected from flw group consisting of: 

i) -CXO)NHCH3; 

ii) . -C(0)NHCHaCH3 ; 

iii) -C(0)NHC3fcCH2CH3; 

iv) -C^OytmCHzCHaCSi^Si; 
V) -C(0)NHCH(CH3)2; 

vi) -C(0)NHCH2CH(CH3)2; 
vU) -C(0)NHCH2CH=CHCH3; 

viii) -C(0)NHCH2CH2CH(CH3)2; 

ix) -C(0)NHCH2C(CH9)3; 
X) -NHC(0)CH3; 

xi) -NHC(0)CHaCH3; 

xii) -NHC(0)CH2CH2CH3; 
xiu) -1SIHC(0)CH(CH3)2; 

xiv) -^fHC(0)CH2CH2CH2CH3; 
XV) -NHC(0)CH2CH(CH3)2; 
xvi) -NHC(0)CH2CH=CHCH3; 
xvu) -NHC(0)CH2C(CH3)3:and 
xviii) -NHC(0)CH2CH2CH(CH3)2. 

A conq)Ound according to any of Oaims 1-9 wherdn R" is a unit selected firam the gmap 
consisting of: 

a) -CQONCR'V, 

b) -C(X)NR^*NCR'*)z; 

c) -NR*'t(X)N(RV.and 

d) -NHN(R'*)2: • 

whaein X is =0, =S. NR", and mixtutes th«eof, R" is hydrogen, methyl cyano, 
hydroxy, nitro, and mixtures thaeof; flje index z is from 0 to 5. 
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12. A conqpoimd according to Claim 11 wherein has the fammla: 



_N _N -N^ 

^C=NH ^C=NH p=NCI% C=NH 

^ B^^ (a%)NH 



H pi H H 

-N. -N, -N^ — 

^C=NH ^C=NH C=1K^ C=NH 

1^ (a%)NH 



— — — — N 

^C=NCN ^C^NCN ^C=NCN ''c=NCKb 

NCNH (B^CJNH NC— NH 



13. A conopound according to Claim 12 wherdn Y has the formula: 



14. A coiiq)ound according to Qaim 12 wherein R^^ is selected from the groiq) consisting of: 
i) tnazolyl having the foimula: 



t3 



ii) tetrazolyl having the fonnala: 



t3 



iii) thiazolyl, 2-methylthiazolyl, 4-mentylthiazolyl, S-methylthiazolyl having flie 
fomnila: 

iv) 1 3,4-thiadiazolyl, 2-metli^-l,3,4-thiadiazoIyl having the fomula: 
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v) 1 A5-thiadiazolyl, 3-inethyl-l,2,5-thiadiazolyl having the fornmla: 

vi) oxazolyl, l-methyloxazolyl, 4-methyloxazolyl, 5-methyloxazolyl having the 
formula: 



vii) imidazolyl, 2-niethyliimdazolyl, S-methylimidazolyl having the farnmla: 

H; H ; H; 

viu) 5-methyl-lA4-oxadiazolyl, 2-inethyl-l,3,4-oxadiazolyl, 5-amino-lA4- 
oxadiazolyl, having the fornmla: 

-N vr-H 



M-"v f^'^'. 

HEo^"* -^y-^ -cym 



ix) l,2-dihydro[l,2,4]triazol-3-one-l-yl, 2-inethyl-l,2-dihydro[lA4]triazol-3-one-5- 
yl, having the f omiiila: 



H : 0% 



x) oxazolidin-2-one-3-yl; 4,4-dimethyloxazolidin-2-one-3-yl; imidazolidin-2-one-l- 
yl; l-methylimidazolidin-2-one-l-yl, having the fonnula: 

-C3% 



no '*T^o r\-H n»-< 



I O I O I N-H I N 

O ; O ; O ; O 

xi) 2-methyl-l,3.4-oxadiazolyl, 2-aiiiino-l,3.4-oxadia2olyl. 2<N»N-diinethylanuno) 
1,3,4-axadiazolyl, having the fannula: 

(2% 



„^N ».^N P 
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IS. A coiqpound according to Claim 12 wherein is selected from the group consisting of: 
i) pyridinyl units having the fommla: 




ii) pyiiimdinyl units having the fonnula: 




ii) piperidinyl units having the fonnula: 

16. A compound according to Claim 12 wherein R^^ is selected from the group consisting of 
amino, guanidino, guanyl, amidino, pyirolyl, 2H-pyrrolyl, 3H-pyrrolyl, pyrazolyl, 2H- 
imidazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, isoxazolyl, oxazoyl, 1 A3-isoxazolyl, 1,2,4- 
oxadiazolyl, 2H-pyranyl, 4H-pyranyl, 2H-pyran-2-one-yl, pyridinyl, pyridazinyl, 
pyrinudinyl, pyrazanyl. piperazinyl, s-triazinyl. 4H-l,2-oxazinyl, 2H-l,3-oxa2inyl, 1,4- 
oxazinyl, morpholinyl, azepinyl, oxepinyl, 4H-l,2-diazepinyl, indenyl, 2H-indenyl, 
benzofuianyl, isobenzofiiranyl, indolyl, 3H-indoIyI, IH-inolyl, benzoxazolyl, 2H-1- 
benzopytanyl, quinolinyl, isoquinolinyl, quinazolinyl, 2H-l,4-benzoxazmyl, pyrrolidinyl, 
pyirolidonyl, pyrrolinyl, quinoxalinyl, pyrrolyl, henzimidazolyl, and mixtures th^of. 

17. A conQ>ound according to any of Qaims 1-16 wherein Z has the foimula: 




wherem R* is hydrogen; is phoiyl, benzyl, Iniaphthyl, 2- naphthyU l^phthyhnethyl, 
2-naphthylmethyl; R^** is hydrogen, -C(X)N(R^^ -N(R*^ -iTCR^V^-. -C(X)N*(R'^; 
-NR"C(X)R", and nuxtures th^eof ; R^*^ is hydrogen, Ci-Cio alkyl. or mixtures thereof; 
R" is C1-C16 linear or branched, substituted or unsubstituted allcyl, C7-C16 linear or 
branched, substituted or unsubstituted alkylenearyl; X is oxygen, sulfur, =NR^^ and 
mixtures th^ieof ; D is a salt forming anion. 
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18. A conqwund according to any of Claims 1-17 wherein R" is -COjJI, -CX)^^, -CONHa, 
and-CONHCHs. 

19. A compound according to any of Claims 1-18 wherein R' is phenyl, benzyl, 2-naphthyl or 
2^phdiyhnBthyl. 

20. A conqjound according to any of Clauns 1-19 conqoising a scaffold selected fiom the 



group consisting of: 
D 




m 
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Xi) 




wherein R is selected from the group consisting of phenyl, benzyl, 3-fluorophenyl, 4- 
fluorophenyl, 3,5-difluorophenyl, 4-chlarophenyl, 4-hydroxyphenyl, and mixtures 
thereof; is a unit selected from the group consisting of hydrogen, -CH2CXO)CH3, - 
NHC(0)CH3, -NHC(0)CH2CH3, and -NHCCOCHaCHzCHa; R^ is hydrogen; R^ is a unit 
selected from the group consisting of benzyl* 2-imidazolylmethyl, 4-imidazolyhDethyl, 4- 
fluorobenzyl, 4-hydioxybenzyl, 4^acetoxybenxyl, 2-imidazolylmetfayL 4-imida2olyl- 
methyl, 2-phenylethyl, l-na^htfayhnethyl, and 2-naphthyhnediyI, R' is phenyl, benzyl, 1- 
naphthyl, 2- naphth;^, 1-naphthylmethyl, 2-aaphtliylmethyl; R^^ is hydrogen, -CO2CH3, 
-CO JH; -CONHi; and -CX)NHC3l3. 

21. A confound according to any of Qaims 1-20 whereinL is selected from the group 
consisting of: 

i) -[C(R")2]p-, wherein p is from 0 to 12; 
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ii) 


.[C(R")2]p(CH=CH)qS wherein p is from 0 to 12; q is from 1 to 6; 


u) 
'^j 


-(R^^C(X)(R^^)r; 


iii) 


-C(X)NR"-; 


iv) 


<j(X)r"ccx)-; 




<XX)NR"C(X)-; 


vi^ 


<XX)NR"R'W^C(X)-; 


yixj 


-NR"C00-: 


viii) 


-NR"C(X)NR"-; 




.NR"C(X)R"NR"-; 


X) 


.NR"R''CXX)NR"-; 


xi; 


-NR"CfX)R"C(X)0-; 


xii) 


^C(X)R"C(X)NR"-; 


xiii) 


-NR"C(X)NR"R"-; 


xiv) 


-R^WC(X)NR"-; 


XV) 


-riWc(X)NR"r"-; 


xvi) 


-NR"-; . 


xvii) 




xix) 


.NR"r''-; 



XX) -NR"N=N-; 

xxi) -NR"NR"- 

xxii) -or"-; 

xxiii) -R"0-; 

xni) -<R'')tOC(0)(R'^)t-: 

xxiii) -(R")tC(0)0(R'V; 

xxiv) -(R'^0C(0)0(R'V, 
XXV) -S-: 

xxvi) -(R"),S(RV, 

xxvii) -(R*').S(X)(R")r; 
xxviu) -(R**)tS(X)a(R")r; 
xxix) KR*%NR"S(X)CRV. 
XXX) -(R'*)tS(X)NR"(R'V; 

xxxi) ^'*)^"S(X)2(RV. 

xxxii) -(R'*),S(X)2NR"(R"),-; 
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wheiein R is hydrogen, linear or branched Ci-Cio alkyl, hydroxyl, -SUB, or mixtures 
thereof; is C1-C16 linear or branched, substituted or unsubstituted alkylene, substituted 
or unsubstituted phenylene, or mixtures thesieof, or an R^^ and R^^ unit can be taken 
together to form a ring; X is oxygen, sulfiir, =:NR", and mixtures thereof; t is 0 or 1. 

22. A conq>ound accordmg to any of Claims 1-21 wherein SUB units are selected from the 
group consisting of: 



i) 


-NHCOR^°; 


ii) 




iii) 


-COOR^; 


iv) 


-COCH=Ctk; 


V) 


-C(=NH)NH2; 


vi) 


-NHC(=NH)NHa; 


vii) 


-N(R^; 


viii) 


-NHCeHs; 


ix) 


=CHC6H5; 


x) 


-CX)N(R^; 


xi) 


^^^^^ TT nW TXT 
-CONHNH2; 


xu) 


X'TTT/"«VT. 

-NHCN; 


xiii) 


-OCN; 


xiv) 


-CN; 


XV) 


F, Q. Br, I, and nuxtmes Aereof; 


xvi) 


=0; 


xvii) 


-OR^; 


xviii) 


-NHCHO; 


xix) 


-OH; 


xx) 


-NHN(R*^; 


xxi) 


=NR"; 


xxii) 


=NOR»; 


xxiii) 


-NHOR*'; 


xxiv) 


-CNO; 


xxv) 


-NCS; 


xxvi) 


=C(R'°)2; 


xxvii) 


-SO3M; 
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xxviii) -OSO3M; 

xxix) -SCN; 
XXX) -P(0)H2; 

xxxi) -PO2; 

xxxii) -P(0)(OH)2; 

xxxiii) -SO2NH2; 

xxxiv) -SOaR^; 

xxxv) -NO2; 

xxxvi) -CFa^-CCU^-CBra; 
xxxvu) and mixtures thereof; 

wherein is hydrogen. Q-Czo linear or branched alkyl, CrCzo aryl, CrCw alkylenearyl. 
and mixtures thereof; M is hydrogen, or a salt fonning cation. 

23. A pharmaceutical composition conqirising: 

A) an effective amount of a compound, including aU enatiomeric and diasteriomeric 
forms and pharmaceuticaUy acceptable salts tiiereof , said compound having die 
fonnula: 




z 



wherein A is a conf aanationaUy restricted ring system selected from the gronp 
consisting of: 

a) non-aromatic carbocyclic rings; 

b) aromatic carbocyclic rings; 

c) non-aromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 

wherein said rings comprises from 5 to 8 atoms; 
W is a pedant unit having the formula: 
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wh^em R is selected firom the group consisting of: 

a) non-aioniatic carbocyclic rings; 

b) aromatic caibocyclic rings; 

c) non-aromatic heterocyclic rings; 

d) aromatic heterocyclic rings; 
said rings comprising from 3 to 12 atoms; 
J is selected firom the group consisting of: 

i) -[C(R")d]k"i wherein each R" is mdependenfly hydrogen, C1-C12 linear or 
branched allqrl, -SUB , two R" units can be taken together with an oxygen 
atom to form a carbonyl unit, two R" units &om any J units or an R" unit 
and an R' unit from a T unit can be taken together to form a carbocyclic 
or heterocyclic fused ring, bicyclo ring, or spiroannulated ring 
con5)rising firom 3 to 7 atoms; the mdex d has the value of 1 or 2; the 
index k has the value of 1 or 2; 

ii) -N-; 

iii) -NR's wherein R' is hydrogen. Q-Q linear or branched alkyl, or a SUB 
unit; 

iv) -Os 
V) -S-; 

vi) .P(0>or-P(0)2S 

vii) and mixtures thereof ; 
L is a linking unit; 

B comprises a unit selected from the group consisting of: 

a) hydrogen; 

b) substituted or unsubstituted aromatic carbocyclic rings; 

c) substituted or unsubstituted aromatic heterocyclic rings; and 

d) mixtures tbexeof ; 

Y is a pendant unit conq>rismg at least one heteroatom; 
Z is a pendant unit, which comprises an aromatic carbocyclic ring; and 
B) the balance carriers, excipients, and adjunct ingredients. 

24. A method of treating a disorder selected fix3m the group consisting of insulin resistance, 
glucose intolerance, Type-2 diabetes mellitus, coronary artery disease, elevated blood 
pressure, hypertension, dyslipidaemia, cancer (e.g., endometrial, cervical, ovarian, breast, 
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prostate, gaUbladder, cdon), menstrual irregularities, hirsutisin. infertiUty, gallbladder 
disease, restrictive lung disease, sleq) apnea, gout, osteoarthritis, arid tbroiri^^ 
disease, in an animal subject in need thereof, the method comptismg admmistering to said 
subject a compound according to any of Qaims 1-22. 

A method of treating a disorder selected from flie group consisting of a body weight 
disord«, CNS depression, behavior-related disorders, memory related disorders, 
cardiovascular function, inflammation, sepsis, septic shock, cardiogenic shock, 
hypovolemic shock, sexual dysfunction, erectile dysfunction, muscle atrophy, diseases 
associated with nerve growth and repair, and mttautetine fetal growth, in an animal 
subject in need thereof, the metiiod conpising admfaiistering to said subject the 
craopound of any of Claims 1-22. 
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